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ABSTRACT

i A computer program igs described which enables one to compute
£ the pressure waveform at a distant point following the detonation

o2 of a nuclear explosion in the atmosphere. The theoretical basis
“ﬁ?ﬁ of the program and the numerical methods used in its formulation
fé% are explained; a deck listing and instructions for the program's
b operation are included. The primary limitation on the program's
gﬁ% applicability to realistic situations is that the atmosphere is
=3 assumed to be perfectly stratified, However, the temperature and
& wind profiles may be arbitrarily specified. Numerical studies
| carried out by the program show some discrepancies with previous

| computations by Harkrider for the case of an atmosphere without
! winds., These discrepancies are analyzed and shown to be due to

i different formulations of the source mcdel for a nuclear explosion,
f Other numerical studies explore the effects of various atmospheric

; parameters on the waveforms., In the remainder of the report,

) two alternate theorcetical formulations of the program are described.
3 The first of these is based on the neglect of the vertical

T acrelevation term in the equations of hydrodynanics and allows

a solution by Cagniard's integral transform technique, The

i second is based on the hypothesis of propagation in a single

guided mode and permits a study of the effects of departures

fron stratification on the waveforms,
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Chapter I

INTRODUCTION

1.1 SCOPE OF THE REPORT

The present report summarizes investigations carried out by
the authors during the years 1966-1968 on the propagation of
low frequency pressure disturbances under Air Force Contract
Ho, F19628~67-C-0217 with the Air Force Cambridge Research
Laboratories, Bedford, !lassachusetts., The study performed was
theoretical in nature,

The principal prohlem which the authors chose to study was
that of the theoretical prediction of the pressure waveform
facoustic pressure versus time) which would be detected near the
ground at a large horizontal distance (between 500 and 20,000 km)
from a nuclear explosion in the lower atmosphere. This problem
was selected for several reasous.

luclear explosions, particularly those in the megaton range,
excite waves whose dominant periods lie in the so-called
acoustic-gravity range (roughly between 1 and 20 minute periods).
These acoustic~-gravity waves are relatively little understood
at present and exhibit many interesting properties which invite
serious inquiry.

0f all the known sources which may excite acoustic=-gravity
waves capable of being detected at large distances, the nuclear
explosions correspond most closely to point sources, This allows
a considerable simplification in the analysis. Furthermore, the
nuclear explosions are better understood and may be described in
a more detailed quantitative fasiion than would be natural sources
such as volcano eruptions, weather disturbances, etc.

A considerable amount of data on pressure waveforms recorded
following nuclear explosions exists and is published in the
scientific literatur.. Since the explanation of data should be
a principal reason for any theoretical development, it is
natural to begin with the study of phenomena for which a large
bulk of systematically obtained data exists.

It would appear that the possible application of a theory of
waves generated by nuclear explosions to the interpretation of
experimental data would be of some practical Importance, either
as an aid in a possible acoustic detection system of nuclear

-13-
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explosions, or as a means of inferring some of the as yet imper-
fectly known properties of the earth's upper stmosphere., In this
respect, the first step would clearly be the development of a
deterministic theory which, given certain properties of the
explosion and of the atmosphere, allows one to predict the
waveforms,

It should be mentioned at the outset that the problem under
consideration has been of considerable interest to a large seg-
ment of the scientific community for some fime and that the
problem has an illustrious background. The present report
merely reports a continuation of one facet of a lengthy pattern
of research which has been carried on by a large number of
investigators in the past. In a somewhat restricted sense, the
work reported here is a continuation of work done by one of the
authors (A. Pierce) under Air Force Contract No. AF 19 (628) - 3891
with Avco Corporation during 1964-1966,

A major part of the present report is concerned with the
explanation, presentation, and description of a computer program
(which we refer to by the name INFRASONIC WAVEFURMS) which was
developed during the course of the contract., This program is
based on a theory which assumes the atmosphere to be perfectly
stratified and to have somewhat arbitrary temperature and wind
velocity profiles. This theory, described in some detail in
Chapter 11, is based on a number of approximations which restrict
its application to waveforms recorded near the ground at large
distances from low to moderate altitude nuclear explosions. In
addition, the computational method restricts the application of
the program to the earliest portion of the dominant signal, which
travels with a speed roughly equal to the speed of sound at the
ground,

Chapter III gives a user's manual for the program, with
instructions for preparing input, description of t!: possible
output of the program, and sample input and output., A deck
listing of the program is given in Appendix B,

In Chapter IV, some numerical studies made using the program
are reported, These studies include the explanation of some
discrepancies with previous computations by llarkrider for the case
of atmospheres without winds; the discrepancies being due to
differences of methods of incorporating a source model into the
formulation. A discussion, with numerical examples, is also
given of the effects of variations in parameters describing the
atmosphere on the waveforms. There we conclude that the physical
significance of the individual guided modes predicted for a given
atmosphere model is extremely limited and that the total waveform

«llm
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is relatively ingsensitive to variations in the parameters
characterizing the atmosphere. An extensive compariscm with data
remains to be carried out, The only example presented in this
report is for the case recorded at Berkley, California, on

30 October, 1962 following an explosion 13,60° N, 172.22° W. near
Johnson Island. We chose this record as it appeared to be the
least affected by ambient noise of the records exhibited by Donn
and Shaw. Although the choice may therefcre appear somewhat for-
tuitous, the agreement of the theoretically obtained waveform with
this record would appear, from a subjective standpoint, to be
extremely good,

The following two chapters, V and VI, present two alterr ite
theoretical formulations of the problem of predicting waveforms,
The first of these, described in Chapter V, represents an appli~
cation of various mathematical techniaues generally known as
Cagniard's method to the idealized case when the vertical
acceleration term in the equations of hydrodynamics is neglected
at the outset. The second, described in Chapter VI, is based on
the assumption that the propagation is predominantly in a single
quasi-mode which resembles Lamb's mode for an isothermal atmo-
sphere. This theory reprecents an extension of some ideas
recently expressed by Bretherton (1969) and by Garrett (1969), and
shows considerable promise in that it is not restricted to a
stratified atmosphere or to linear equations., The quantitative
implications of these thecries are not explored, but are discussed
in the present report with the hope that they may be of interest
to other researchers concerned with acoustic-gravity wave propagation,
At the time of this writing, we are especially optimistic about the
single mode theory and hope to have some quantitative assessment
of its applicability in the very near future,

-
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Chapter II

THEORETICAL BASIS OF INFRASONIC WAVEFORMS

2,1 SUMMARY OF THE THEORETICAL MODEL

The mathematical model on which the computer program
INFRASONLC WAVLFORMS is based is briefly summarized here. The
geometry adopted (Fig, 2~1) is that of a stratified atmosphere
above a rigid flat earth., The ambient atmosphere is descrjbed
by a sound speed profile c(z) and a wind velocity profile v(z),
where z is ueipht above the ground. Both of these profiles are
assumed independent of horizontal coordinates x and y and of
time t. Moreover, the ambient winds are assumed to be horizontal,

The air comprising the atmosphere is taken as an ideal gas
of constant specific heat ratio y = 1.4 and of constant mean mo-
lecular weight, Thus the ambient pressure P, and density 0,
satisfy the hvdrostatic relation and the ideal gas law

z

p,(2) = p_(0) exp -I (va/c*)dz (2.1.1)
0

p, = Yp,/c? (2.1.2)

where p (0) (taken as 10° dynes/cm?) is the ambient pressure at
the groand. Since the propagation is considered to be predomi-
nantly in the lower atmosphere, the acceleration of gravity g is
taken to be constant with he1§ht and eaqual to the typical earth
surface value of .0098 km/sec*,

The neglect of earth curvature is in accordance with the re-
sults of previous studies by Weston (1961) and by Harkrider (1964)
which indicate that the curvature of the earth can approximately
be acoounted for by multiplying the flat earth waveform by the
factor

[(r/re)/sin(l.'/re)]l/2 (2.1.3)

where r is the great circle propagation distance and r is the
radius of the earth, This result holds in particular for waves
which have traveled somewhat less than one-fourth the circum~
ference of the earth, Since the intended application of the pro-
pram is for the interpretation of data recorded at distances less

17~
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Figure 2-1, Sketch showing the general model adopted in the
theoretical formulation, An explosion of yield Y is at height
z above a flat rigid ground in an atmosphere with stratified
sound speed c and horizontal wind velocity v. The wave dis-
turbance is detected by an observer with coordinates (x,y,z).
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than this and since the factor above does not vary appreciably
from 1 for such a range of distances, this correction is ne~
glected, In general, we consider such a correction to be minor
compared with the inevitable uncertainties in the source model and
the ambient atmosphere.

In order that the model be amenable to computation, we con-
sider the propagation to be governed by the linearized equations
of hydrodynamics, This would appear to be a fair approximatién
at large distances from the explosion, although it is clearly not
applicable close~in, It is therefore implicitly assumed that any
near field nonlinear effects may be taken into :account by a ju~
diciously chosen source model.

The source model adopted here (whose rationale is discussed
at some length in the next section) is that where the presence
of the source and the near field nonlinear effects are repre-
sented by a time-varying point energy source term added to the
right hand side of the linearized equation which corresponds to
energy conservation, Thus the governing equations (which are to
be satisfied everyuhere above the ground) are taken to be of the

form
poEth + (‘6-\7)?] =- U - gp‘e’z (2.1.4a)
D,p + Ve (po‘J) -0 (2.1.4b)
[Dtp + ﬁovpo} - c? (Dtp + 'J-VDO]
= mcf ()8(F - ) (2.1.4c)
where

D, = (3/3t) + Vey

is the time derivative corresponding to_an observer moving with the
ambient wind. In the above, p, p, and u represent the deviations
of pressure, density, and fluid velocity from their ambient values.
Ihe quantity e, is the unit vector in the vertical direction, while
r, denotes the“source location.

The time-dependent quantity f_(t) represents a function

characteristic of the source, For convenience of referral, we
state here our choice of this function prior to a discussion of

«19-
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the rationale behind such & choice, We take
t
fE(t) = Ifé(t) dt (2.1.5a)

o

where

£1e) = 00%0p (2 ) 1o @123 £ (e 23

D (2.1.5b)

Here Y. is the explosion yield in KT, p (zo) is the ambient
pressurz at the height of burst, and ko %s scaling factor

given by
A= [c(0)/c(z )]lp_(0O)/p (= )11/3 (2.1.6)
o] (o] (¢] 0 O

The quantity Ls is a length identically equal to 1 km, which we
include in the theory for dimensional "purity". The function
flKT(t) is given by
-t/ts
fle(t) - (Ps)(l - t/ts)e u(t) (2.1.7)

where

P, = L.61 x 34,45 x 10® dynes/cm?
t = 0,48 sec,
8

Here U(t) is the lieaviside unit step function and z, denotes the
height of burst.

In the actual computation, the source location ; is taken
to be a fixed point in space. An alternative assumption which
might seem more plausible is to take the source as moving with
the ambient wina at the height z, of burst. However, the results
of the computation should be ins€nsitive as to just which assump-
tion is made, This follows since we limit our analysis to dis-
turbances which travel with speeds near the speed of sound near
the ground and since the wind speeds are invariably much less than
the sound speed, Any phenomenon analogous to a doppler shift
would undoubtedly be smaller than could feasibly be detected by

experiment,

Boundary conditions on Eqs. (2.1.4) are that u_ = ( at the
ground z = 0 and that of causality (no disturbance in the far

=20
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field before £ _(t) first becomes nonzero). The time origin here
is not considered of too much relevance, With the definition
given for £ (t), it is approximately (the discrepancy being due
to nonlinear effects) équal to the time of detonation. We also
take the source location to be on the z axis (x_ = y_= 0),
Generally, we consider the +x axis to point easgward? and the
+y axis to point northward.

2,2 THE SOURCE MODEL

Here we summarize the rationale behind the choice of tne
source model given in the preceding section. The discussion
partly follows the develcpment previously given by Pierce (1968).

\le consider a basic nonlinear hydrodynamics model of a
nuclear explosion consigting of an initially isothermal sphere
of vanishingly small radius in an unbounded homogeneous atmo~-
sphere with negligible gravitv. The initial isothermal sphere
has ambient density and fluid velocity, but is assumed to
have very high temperature and pressure, The total themmal
energy {(the specific heat of air is assumed independent of
temperature) inside the sphere is denoted by L., wvhich re-
presents the total hydrodynanic enerqy releasehyhy the ex-
plosion. This, according to what is given in Glasstone's text
(1962) should be roughly 1/2 of the total energy of the ex-
plosion.

The pressure waveform of the explosion in this idealized
model can easily be shown to correspond to hydrodynamic scaling,
i.e.

p = p F(R/A, ct/h) (2.2.1)

where p_and c are ambient pressure and sound speed, F is a uni-
versal gunction, and A is a characteristic length given by

. 1/3
A = (Lhy/po) (2.2.2)

Lxperiment and numerical computations show that at mo-
derate distances (between 3 and 10\ from a nuclear explosion)
the time dependence of the blast overpressure is approximately
of the form (t relative to time of shock arrival)

p= @) - t/ne Y Tu(e) (2.2.3)

where P and T are functions of distance. According to Eq.

2]~
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(2.2.1) above, we may take

T = (A/c)A(R/A) (2.2,4a)
% P = p B(R/}) (2.2.4b)
E where A and B are universal functions of (R/A). It is clear,

since the far field propagation should be governed by linear
acoustics, that A should at large R be a relatively slowly
varying function of R/A and that, at large R, B should be ap-
proximately (spherical spreading)

B~ noxlk (2.2.5)

where B, is a very slowly varying function of R/A.

The basic idea in our source term selection is that fE(t)
in Eq. (2,1.4c) should be such that the solution of the linear-
ized equations of hydrodynamics with the neglect of gravity and
winds and for the same uniform ambient atmosphere should agree
with Eq. (2.2.1) at moderate distances., The ambient atmosphere
for this matching process is taken as that characteristic of the
burst location. The solution of the linearized equations
under the circumstances outlined above gives

T

p= erfé(t - R/c) (2.2.6)

Thus, we would choose fé to be

-t/1

fé(t) - ponok(l - t/1)e u(t) (2.2.7)

The value of R/A chosen for the matching is that corresponding to
g 1 km from a 1 KT explosion at sea level, According to Glas-
stone's text(1962) the value of P at one mile from such an
explosion is 34.45 x 10® dynes/cm? while the value of T is 0.48
sec, Since we expect the shock overpressure to fall off nearly
inversely with R between 1 km and 1 mile we may take P to be
34,45 x 10 3 x 1.61 dyne/cm® at one km, (Here we use the fact
that 1 mile is 1,61 km,) Thus

1/3 2/3

poBoA = PsLsYKT [po(zo)/po(o)] (2,2.8a)
T = Y!1(43[p°(0)/po(zo)]1/3[c(0)/c(zo)]:s (2.2.8b)
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vhere P , Ls, and t are as defined in the preceding section and
7, is the energy yfeld in KT, Equations (2.2.7), (2.2.8a,b)
agree with the definition of fé given in the preceding section.

It now remains to examine the limitations of this source
model. The basic assumption v have made is that gravity and
atmospheric gradients have relutively little effect on the early
development of the blast wave, Another important assumption is
that the initial fireball radius (before the shock detaches from
the fireball) is sufficiently small that the radius of the initial
sphere may be idealized as zero. This radius is conjectured by
Pierce (1968) to be about .05 A, The two approximations would
clearly be inappropriate if the initial sphere radius were of the
order of a scale height H «» Thus one should certainly require
A << 20 H_, 8

The establishment of a more realistic upper bound appears
to be a somewhat complicated problem, Our best guess to date is
that the positive phase duration by the time the blast overpres-
sure is down to 10% ambient should be smaller than 1/10 the
period (about 5 minutes) corresponding to Brunt's frequency w
or Hines' w,. This would insure that there be negligible
acoustic-gravity wave dispersion in the waveform while non-
linear effects are appreciable. This requirement gives roughly

Yop < 200 pyoc (2.2.9)

where YdT is the yield in MT and PaTMO is the ambient pressure
at the %eight of burst in atmospheres ?see Fig. 2-2]., Ve are
not sure if this requirement is too conservative or too generous
at present, but we offer it as a rough guideline to workers who
nmight wish to use the program.

It should be noted that, in our source model, we have taken
a point energy source rather than a point mass source, In
actual practice, for the computation of ground level waveforms,
it makes relatively little difference whether one adopts an
energy source or a mass source, However, when one considers the
fact that a nuclear explosion adds much energy but relatively
little mass to the atmosphere, it is clear that the energy source
model is a priori the more realistic, One of the authors (Pierce,
1968) has examined the relative merits of the two types of
sources, He found the linear initial value problem of waves
generated by the release of an initially isothermal sphere of
ambient density was better represented by the point energy source.
{It should be noted that the use of a point energy source rather
than a point mass source is a relatively new concept in the theory
of acoustic-gravity wave propagation. In particular, all of the
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Figure 2-2, Estimated range of yields and source altitudes for
which the effective point source model is valid.
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authors' work prior to 1968 was based on the use of a point mass
source model, ]

One inherent defect in the model is that we have no me-
chanism for taking into account the far field nonlinear effects,
In the related problem of sonic boom propagation, these are
known not to be negligible, While they do not change wave-
forms appreciably over shorter distances, their accumulative
effects can cause large distortions over very large distances,
While these far field nonlinear effects should be examined in
some detail in the future, we suspect that they are not as im-
portant in the infrasonic nuclear explosion problem as they are
for sonic booms. The basis for this belief is that the inherent
dispersive nature of the atmosphere as a waveguide tends to
filter out the higher frequencies from the lowest part of the
atmosphere and causes the lower frequencies to tend to arrive
first, The nonlinear effects should be of lesser importance
for the dominant lower frequency arrivals since the time for
a wave peak to overtake a node is correspondingly longer for
lower frequencies.

2,3 THE SOLUTION IN TERMS OF FOURLER TRANSFORMS

Since the linearized equations of hydrodynamics do not de-
pend explicitly on time and, except at the soyrce location, do
not depend explicitly on horizontal position x (due to the as-
sumed stratification of the ambient atmosphere), one may express
their solution as a triple Fourier transform over frequency w
and horizontal wave number vector components, k_ and k . Thus
one may write the acoustic pressure p, for example, as

[} [+
-’
ikex 2 - -iwt
p = I I e I fE(w)p(w,k,z,zo)e dw dkxdky
- ~otie (2.3.1)

Here fE(w)is the Fourier transform of fF(t), i.e,

o0

EE(w) = (Zn)"lf fE(t:)ej"‘ut dt (2.3.2)

The quantity € is chosen sufficiently large that the integral over
w vanishes identically at times t hefore the source is first ex-
cited, if kx and k are real, Thus the line ic above the real
axis should pass above all poles and branch lines of the inte~
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grand, The function ﬁ(m,ﬁ,z,z ) must be ggfined such that this
can be accomplished, Fourier 2ransforms u and p are defined
analogously.

A direct substitution of (2.3.1) and its counterparts for
p anu u into the linearized equations gives the following
ordinary differential equations for §, §, and fi:

-pOiQQ = ~df/dz - gp (2.3.32)

-poinzu + poﬁd;/dz . <3k (2.3.3b)
P

-10p + poiouh + d(p 8)/dz = 0 (2.3.3¢)

1P = c2p) + QOQ[CY - 1)g + dc?/dz] = (czlﬂ)gEd(z -z)
(2.3.34)

Here we have abbreviated
> >
0 aw = kev

for the Dopplgr shifted angular frequency and also have abbre-,
viated § and W for the vertical and horizontal components of u,

It turns out {[Pierce, 1965] that the above set of ordi-
nary c¢ifferential equations may be reduced to two differential
equations for

Z= P/Dilz (2.3.4a)
v = it %0 (2.3.4b)
These equations are
[N B -
[dz + S‘Z Sle (;Q 1/2;>6(z zo) (2.3.5a)
fo
d ’ -1
- ~ 8|Y - S,.2 -/L~————:>6(z -z) (2.3.5b)
(dz ) 21 \iQpilzw 0
where
S = (1~y/2)g/c? - ¢! de/dz (2.3.6a)
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81, = Q% - (y - 1)g¥/c? - (g/c?)(dc?/dz) (2.3.6b)
S, = (k3/0%) -~ ¢ 2 (2.3.6c)

The remaining quantities of interest are given by

b= pi/%2/e* + oX/21(y - Dg + de/dzl¥/e? + (1/ (i) (z - 2)
(2.3.7a)
%= e - gl (2.3.7b)

The solution to Las. (2.3.5) is easily worked out [Pierce,
1967] in terms of solutions of the homogeneous equations

Z

o = (2,3.8)

ot | 521 5 | [Y |u,e

Let Zu and Y be nonzero solutions which satisfy these equations
for 2> z_ and which are analytic functions of w for given real
k_ and k %and for all Im w greater than some finite value.
Sfmilarl¥ let Z,, Y, be a nonzero set of solutions for z < z
which satisfy the boundary condition Y, = 0 at z = 0, Then tfle
solutions of the inhomogeneous equatiofis are given by

2 = O (2 ) Zu(Zﬂ
.Y B R« (o] Yu(Z) (z > zo) (2.3.93)
2] »Zz(z).
= au(zo) (z < zo) (2.3.9b)
Y Y, (2)
where
-1
o = e |2 - gY 2,3.10
2,u iQpl/z [ L,u” B Z,u] ( )
with the Wronskian W given by
W= (Y2, - qul)any ;= ¥,0002,(0) (2.3.11)
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That W is independent of height follows directly from the dif-
ferential equations (2.3.8).

It now follows from the preceding analysis that the inte-
grand in Eq. (2.3.1) is given by

{po(z) }1/2 { {‘l’(z,zo) }
p= prapre (2.3.12)
po(zo) ﬂ[w-k°v(z°)] Zz(O)Yu(O)

W(z,zo) = [Zu(zo) - gYu(zo)]Zz(z) z >z (2.3.13a)

where

= [Zz(zo) - ng(zo)]Zu(z) z <z (2.3.13b)

It should be noted that a previous statement of the ahove result
has a misprint, [p (z )/po(z)] instead of [po(z)/po(zo)] in the
paper by Plerce (18687,

2.4 THE GUIDED MODE APPROXIMATION

The Fourier transform solution given in the previous
section 18 too complicated as it stands for direct integration.
Thus it is appropriate to take advantage of any approximations
which may be appropriate to the cases of primary interest
(namely, waves detected near the ground at large distances
which arrive at times roughly corresponding to the lower
atmosphere sound speed). The primary approximation we make
in this respect is the guided mode approximation. The mathe-
matical manipulations leading to this approximation are
described in many texts for waves in stationary media and were
first discussed by Pridmore-Brown (1962) and later modified
by Pierce (1965) for the case of waves from a point source in
a windy stratified atmosphere.

Before introducing the guided mode appreximgtion, we first
consider the symmetry properties of the factors fE’ P, and of
their product

I(w,k) = EE(w)s(w,iZ,z,zo) (2.4.1)

yhich appegrs in thg integgand of Eq. (Z.3.1). We set

k = kR + ik, where kR and kI are real vectors and similarly set

PN —
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W= wp + iwI. Since p is real, we have (or at least can choose)

I(w,k)* = Iwy + duy, = IR + 1k) (2.4.2)

I'

Thus, taking the complex conjugate of I is equivalent to changing
the signs of the real parts of w and k. Since f (w) must a
priosi have this property [fE(t) is reall, it fo§lows that p

must also have this property.

A final symmetry property which can be insuged by appro-
priate choice of branch lines is that, for real k and complex w,

Bl-wy-1y2,2 ) = -filw,k,2,2 ) (2.4.3)
(o} (¢}

To prove this, one should first note that tﬁe differential
equations (2, 3 5) are invariant if @+ -w, k + <k, Z + -2,

Y > -Y, Also, the lower boundary condition is unchanged. This
suggests that we may be able to take

Z(W,k) = =2 (=w,-K) (2.4.4)

While it would appear that this neglects the consideration of an
upper boundary condition, this is actually not the case, since
any posed upper boundary condition would of necessity have to
be equivalent to the requirement that Z(w,k) be analytic for

> €. Thus Ea. (2.4.4) merely states that we are free to de-
f}ne Z(w, k) for values of w in the lower half of the complex w
plane in such a manner that Eq. (2.4.4) is satisfied, In what
follows we consider that we have made such a definition with
an appropriate selection of branch lines. Lquation (2.4.3) then
follows from the ahove and (2.3.4a)., Since § is almost every-
vhere analytic in k, it would seew appropriate to consider (2.4.3)
to hold also when the components of k are complex.

Returning now to the central task of deriving the guided
pode approximaticn, let us first interchange the order of w and
k integrations in Eq. (2.3.1). It follows that we can do this if
we can find an € which does not depend on k. The analysis by
Friedland and Pierce (1969) would apparently indicate that such
an £ can be found providing the atmosphere is inherently stable.
Let us assume this is the case, Then the integration over k
and ky is replaced by one over k and Bk (polar coordinates) fhere

kx =k cosek : ky = k sinek (2.4.5)
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Since the integrand is clearly periodic in 6, and since increasing
the value of ak by 7 1s equivalent tc changing the sign of k,
we obtain

L2 O R 0+m/2
p = J e lut fE(w)J Q D8, (2.4.6)
ez 12 6-n/2
where
© - 0 - -
Q= f 6w, B)et* ™ kdk - I 8w, ) el*"* Kak (2.4.7)
e} =00

Here 0 is the gngle (reckoned counterclockwise) which the hori-
zontal vector x makes with the x axis., It should be noted that
the factor kex in the exponent is kR cos(8 ~ 8, ) where R is the
net horizontal distance from source to receiver,

Using Cauchy's theorem, we may show for cos(f - Gk) > 0 that

Q = Qp - Q + 20 (2.4.8)

where QR’ 0. and QI are contour integrals of the form

L

K’

fw,k)e

, 1kR cos (6~-6

c
where the contour C is taken as follows:

QR: C circles the upper right quadrant of the k plane in
the counter-clockwise sense,

QL: C circles the upper left quadrant of the k plane in
the counter-clockwise sense,

QI: C goes straight up the imaginary axis from 0 to «,

The integral 0. is readily seen to be relatively small for large
R compared to aR and to Q.  and is accordingly neglected at the
outset. The contour integrals QR and Q, are then evaluated by
Cauchy's method of residues. It'is ant&cipated that contri-
butions from any branch lines encircled in the shrinking pro-
cess are of minor importance at large R, Thus we obtain the
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approximate result
Q = 2mi{(Z Res) - ( Res)L}

where the quantities (T Res)R and (Z Res)L are the sumg of the
residues of

ikR cos(9-96, )

kﬁ(w,i)e k

at the poles in the right upper and left upper quadrants, respect-
ively.

The integrals over €, are performed by the saddle point
approximation [see, for example, Morse and rfeshbach (1954)] under
the assumption that the poles k_(w,0, )are much more slowly varying
functions of 9, tham is cos(8-01). yhysically, this assumption
is equivalent %o the neglect of crosswinds. Thus we have a
typical integral evaluated in the manner

E+m/2 -1knR cos(e-ek)
¢n(w,6k)e dek
6-m/2
2
ikn(w,e)R ik R(e-ek) /2

2

e ¢n(w.0)f e " do,

-0

R

n

where the pole location is taken at 6
phase of kn (between 0 and 7).

/

{.2“ 11/2 i(knR - m/4) +iPh(k_)/2

K" 8. Here Ph(kn) is the

Thus Eq. (2.4.6) becomes

oHe o 3/2 i{k R - wt - /4] iPh(k )/2
D = 2n1f £, (w) e |r kS e e 0 du
oo € n (2.4.11)

where %y is the residue of § at k = kn(w,e) and S is 1 if kn
corresponds to a pole of f in the upper right qua&rant; -1 for
the upper left quadrant., It is assumed throughout the preceding
analysis that w has a nonzero imaginary part, The k_ in general
will be complex numbers with positive imaginary partg.
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We may let € + 0 as long as the k (mB + 1w1,e) have non~-
negative imaginary parts as w_. + O from above. "We assume this
is the case, since otherwise Ehe ambient atmosphere would be
unstable, It is necessary to consider the possibility (since
it is a certainty in the absence of dissipation) that some of
the kn may be real when w is real. However, we wish to avoid
spurious terms which correspond to poles lying below the real
k axis when w, > 0, This can be accomplished by simply re-
quiring that, for real w and real k_, only those terms be
included for which n

3k /3w > 0 ©(2.4.12)

(which is equivalent to the reauirement that the group velocity
be positive.)

At this point we make use of the symmetry properties of ¥.
The integral over w may be separated into one from -« to O and
one from 0 to ». The former is then subjected to a change of
variable w + -w. One can readily show from (2,3.2) that the
former must be just the complex conjugate of the latter, Thus

s - i[knR-wt-n/aj
p = Ref fu(w) g An(w,e)e dw (2.4,13)
0
where
iPh(k )/2
_ 21 1/2 n
An = lmi[m] Sne ¢nkn (2.4,14)

The pole locations are assumed to be piecewise continuous
functions kn(w,e) of w, Thus we can interchange the sum and
integral in Eq. (2.4.13), obtaining

p=21 Py (2.4.15)
n

where P, is the contribution from the nth guided mode, given by

A i[k R“'(ﬂt-‘"/4]
P = Re[ £, WA_(w,0)e n dw (2.4.16)

The integration limits extend over a range of positive w for which
kn(w,e) is defined. It should be noted that the kn are in general
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complex. Their imaginary parts must be positive, but (at least
formally) their real parts could be either positive or negative,
In the terminology used by Friedman (1967), those modes with a
non-zero imaginary part of k are called leaky modes. It is
possible that a given mode mgy be leaky over a given ramnge of

w and then be non-leaky (real kn) over another range of w.

It is tempting to discard all leaky modes or leaky portions
of modes at the outset with the glib statement that at suffi.-
ciently large R they are negligible. However, just whether or
not they are negligible depends on the magnitude of Im(k_). Since
we are primarily interested in propagation to distences of the
order of 10,000 km, the values of Im(k_) should be greater than,
say, 10 ° km ! if we are to consider anleaky mode to be negligible,
We might term modes where Im(k_) is less than this value as

n
slowly leaking modes.

Just when slowly leaking modes are important in waveform
synthesis is intimately related to the nature of the topmost
region of the assumed model atmosphere. If the top of the atmo-
sphere is adjacent to a rigid surface or is bounded by a free
surface, then there is nowhere for energy tc leak and there are
no leaking modes, On the other hand, as was originally observed
by Press and Harkrider (1962), if the uppermost region of the
atmosphere is taken as an isothermal half-space, then there are
certain regions of the k vs. w ( for fixed 6 ) plane (with k and
w real) in which the dispersion curves for non-leaking modes
cannot penetrate. If a mode's dispersion curve apparently ter-
minates at the edge of such a region, then it would seem that
the extension of the mode into such a region would be a léaky
mode, None of these three types of models is too fair a repre-
sentation of the upper atmosphere, but one may argue that, if
the major portion of the energy is channeled near the ground,
then the variations in the model atmosphere above 150 km should
have relatively little effect on the actual waveform, Numerical
studies such as described elsewhere in this report would seem
to support this conclusion,

The discussion given above would suggest that we may avoid
the consideration of leaky modes by adopting a suitable model of
the uppermost portion of the atmosphere. Just what model is
adopted should probably be a compromise between what is known
about the upper atmnosphliere and the desire teo minimize the con-
tribution from the sloulv leakinn modes. In what follows, we
assurie such a model has been selected and accordingly consider
only real non-leaking modes,

Since we are interested primarily in interpreting data on
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waves arriving at times corresponding to group velocities roughly
equal to the scund speed in the lower atmosphere, it is clear that
we may discard at the outset any modes or portions of modes which
rgive negligible contributions at such times. Since the contri-
bution to a mode at time t comes primarily from frequencies near
that at which @ satisfies

f._=n (2.4,17)

it would seem appropriate to consider only those modes where
Bkn/Bw is of the order of l/c where ¢ is a representative sound
speed, To this purpose, the following theorem derived by Pierce
(1965) for non~leaking modes may be of assistance,

(y? + (x%/0%2%)dz

(2.4.18)

{QRev/X)Y2 + kuQ 2% )}dz

Qv
€
oOoY— gjlo——g

The fact that wind speeds are small compared to the sound speed
suggests that we may estimate the magnitude of 3k/3w for cases
of interest with the neglect of wind velocity. 1In this limit,
the above expression becomes

-
-~

(.02 2
+ ¢ {2.4.19)

el

21

where a® is positive. Thus 9k/3w is positive only if k > 0 (given
w > 0). Furthermore, the group velocity (dk/3w) ~, if positive,
should always be less than the phase velocity. Thus, we may
restrict our analysis to modes where k > 0 and where w/k is greater
than, say, half the sound speed at the ground, It would cer-
tainly seem appropriate to discard all modes where k is negative
or where w/k is less than the maximum wind speed, given tha: the
maximum wind speed is small, (The reasoning here may be scme-
what circular since we initially neglected the winds to arrive

at this deduction, However, a more detailed examination secems
unwarranted at the present stage,)

Let us next examine the quantity A_(w,0) in Eq. (2.4.14)
under the assumption that kn is positive, real, and greater than
w times t.e maximum wind speed. The poles of P which satisfy
these requirements must, by Eq, (2.3.12), correspond to zeros of

=34=



Y (0),.when considered as a function of k. The residue ¢_of P
at such a pole is given by (2.3.12), only with Y (0) replgced by
dY (0)/ok. The latter derivative has been shownuby Pierce (1965)
tobe given by

[+ ]

-2j{n(§-$/k)yz + kuf 322} dz
[+

BYu(O)/Bk = (2.4.20)

z,(0)

Furthermore, since Yu(O) is 0 at a pole, the upper and lower
boundary conditions are both satisfied when k = k_ and we may
discard the subscripts £ and u. Thus we have

. po(z) 1/2 i [Z(zo) - gY(zo)]Z(Z)
*n Py (2 iz ) = .
I{ﬂ(k'v/k)Yz + k) %22} dz
0

(2.4.21)

where the direction of k is 0 and its magnitade is kn(w,e).
If Bq. (2.4.21) is substituted into (2.4.14), we find

oo(z) 1/2

1/2 . .
8nk (2(z ) - g¥(z )]Z(z)
A = RCH n 1 o 0
n Py zo) {: R ] Q(zo) o

j{ﬂ(ﬁoz/k)yz + ko 322} dz

0
(2.4,22)

It should be recalled that the expression for a guided mode is
given by Eq. (2.4.16), The quantities k (w,8) are zeros of Y (0)
and it is assumed that we need only cons®der contribucions from
mode sepments where §! is positive for all z and where kn > 0.

The only remaining piece of analysis to complete our fgrmal
derivation is the derivation of an explicit expression for fE(m).
If we insert kgs. (2.1.5) into Eq. (2.3.2), we find

© t
1/3
KT

2/3 iwt ' 1/3 '
[po(zo)/po(UX LsIe JflKT(t 1IN Yyep Ddt'de

0 0

£, (W) = (2m)" 'y
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or, after an integration by parts,

©

£, = -en N30 (2 /6, 00173 {m]lei‘“ IR CTI R SAg T

From Eq. (2,1.7), we find

< P iw

Jeiwt (/D Y1/3]) dt = 51/3 .

? fw+ 1A Yt ) ')

Thus

£ = - NP e ) /p, 0123 p t1w + 100 xE % y7H?
(2.4.23)

The symbols in this expression are as defined in Sec, 2,1,

2.5 SUMMARY OF Thk GUIDED MODE SOLUTIO:

For convenience of referral, the solution derived in the pre-
vious sections is summarized. First, we have the wave as a sum
of puided modes, the acoustic overpressure p being given by

= i p (R,6,2_,2,t) (2.5.1)

where the arguments of p, are

R = horizental distance from source

€ = azimuth angle of observer (counter-clockwise in
horizontal plane)

z, = height of burst
z = heipght of observation location
t = time of observation

In additicu p_ depends on the sound speed and wind velocity
profiles, c(79 and v(z), and on the vield YKT of the explosion
in KT.

A particular guided mode wave is given as an integral of
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the form

P, = ID“ cos [wt - knR + e] dw (2.5.2)

where the integration extends over all positive frequencies w
for which a real k_(w,0) is defined., The quantifies D_ and e
are real functions of w. Ws may define D_ as ilf,A | 3nd take e
as ©/4 minus the pahse of *f A . The chofce of slgg depends on
just which real factors are incorporated into D .

The particular forms which we may take for Dn and e are

XOR R R A RO VR OV !
D = |2 — 2
S (SR I i [ + O\ Y§43 )7%)
(2(z ) - gY¥(z )]Z(2)
x Q(i s = g o (2.5.3)
o]
I{Q-l:';/k)Yz + kuQ"3z¢} dz
0
< 5m/4 + 2 x phase [w + 1(\ Yi,é:; y 4 (2.5.3)
where
Ps = 1,61 x 34.45 x 103 dynes/cm?
L =1kn
S
t = 0,48 sec
As l 1/3
o = le(0)/c(z )][p (0)/p (z )]
kK =

k (w, 6)[e cos 6 + ey sin 0]

The functions Y and z are eigenfunctions of two coupled homo-
geneous ordinary differential equations and k (w,8) may be con-
sidered the corresponding eigenvalue.

To introduce the nomenclature used in the discussion of the
computer program, we set
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1/2

Dn = (1/R™'“) (AMPLTD) (2.5.4a) ;
aeLTD = (FacT) (A% 21w s @ Y2l | ) (2.5.4b)
1/2 |

FAcT = (4/2m Y 21e ) (n, ()10 (2 )1 210 (2 ) 1 @13 (2.5.40)

lZ(zo) + gY(zo)]Z(Z)

AM:P = e o (2.5.4d)
2z )e(z,) J{sz(i-‘é/k)w + wkq 322} dz
0
insLs
S(w) = ———— (2.5.4e)
[w+ 1t ]2
s
o 1/3
PHASQ) = e = 3n/4 ~ Phase {S(wAOYKT )} (2.5,4f)

The subscript n on various quantities is omitted for brevity.

In terms of the quantities introduced above, the contribution
Py from the n-th guided mode becomes

n = Rfl/ZfAMPLTD cos [w(t - R/vp) + PHASQ] dw (2.5.5)

where

vp = w/k (2,5.6)

is the phase velocity (varying with w) of the guided mode.

2.6 THE MULTILAYER METHOD

In order to compute the dispersion curves k (w,8) [or,

equivalently, phase velocity v_ vs. w] for the guided modes

and the functions Y and Z, it Ps convenient to formally replace
the actual atmosphere by a multilayer model, in which the model
is comprised of a discrete number of layers, each having con-
stant temperature and wind velocity. Such a technique is fairly
common in the numerical solution of wave propagation problems
and dates at least as far back as Haskell (1950)., The multi-
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layer method has some shortcomings and has been criticized

by various authors, It is important that the reader realize
that the method is only a numerical integration technigue.

We do .not approximate the atmosphere by a multilayer model at
the outset but only use this as a device to evaluate the quan-
tities needed for numerical evaluation of the solution summarized
in the previous section, In actual fact, any given multilayer
atmosphere would most likely be unstable for disturbances of
sufficiently short wave length. lowever, for anv given k and w,
we may always pick a model (by simply including enough layers)
that the numerical solution of the homogeneous residual
equations (2,3.8) is in good agreement with the result which
might be obtained by using a given continuous atmosphere. Thig
has been demonstrated previously by one of the authors [Pierce,
1966]. 1t may be argued that the multilayer method is not

the most efficient numerical method, but the authors believe
that, from the standpoint of coding the problem for numerical
computation, the multilayer method is generally to be preferred.

For the purpose of making the organization of the compu-
tation scheme as simple as possible, it is assumed that one
has picked a multilayer model of sufficient detail that it
suffices for all numerical computations necessary to evaluate
a given waveform. The same model will then be used thro-ighout
the computation, Guidelines for selecting such a model have
been discussed by Pierce (1967) and by Vincent (1969). The
user, if he so wishes, may establish his own guidelines by
numerical experiment.

In multilayer computations, it is convenient to deal with
quantities ¢l and ¢, rather than Z and Y since the latter are
not in general continuous at layer boundaries., The functions
¢l and ¢2 are defined as

Ql = cY (2.6.1a)
¢, = g¥/c - Z/c (2.6.1b)

These can be shown from Eq. (2.3.8) to satisfy the residual
equations

. ) A1 Ay

— )
dz (2n6v2/

% Aar A | | %2 ]

where the elements of the matrix [A] are given by
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Ay, = gk? /% - g/ (2¢%) (2.6.3a)
A, =1~ e?k?/q? (2.6.3b)
4y ™ g?k?/0%c? - 0F/c? (2,6.3¢)
Ayy = =Ap (2.6.3d)

1t follows from the form of these coefficients that ¢, and ¢, must
be continuous with z even when ¢ and v are discontinudcus, Ia any
given layer, the matrix [A] is constant.

On¢ restriction we place van the multilayer atmosphere is
that the top-most layer (bounded below by z = z_) be an iso-
thermal halfspace with constgnt winds. The only solution of
Bq. (2.6.2) which, for real k, is analytic in w for z > z for
all w for which Im(w) > 0, and which vanishes as Im(w) + &
(these conditions are equivalent to the causality condition)
is of the form

Ql -AlZ ~G(z - zT)
= ) e (z > zT) (2.6.4)
@2 All + G
where
2 _ a2
G All + A12A21 (2.6.5)

with the coefficients Aij appropriate to the upper half space.
‘tThe phase of G ig chosen”such that G is analytic in the upper
half of the w plane and such that the phase of G approaches 0
as Im(w)»~. 7The quantity D in the above expression is any con~
venient constant., A necessary conseguence of this is that the
phase of G must be O when w is real on all regions of the real
w axis where G2 > 0. If G? < 0, the phase of G could be either
m/2 or -n/2, depending on which choice is compatible with the
requirement that G is analytic for Im(w) > 8. It should be
noted that G has branch points on the real axis.

The values of @, and ¢, at lower values of z are found by
integrating Eqs. (2.6.2) down from z = z¢ with (2.6.4) as starting
conditions. Since the equations are linear, we can determine a
transmission matrix [R] such that
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01 d>1
= [R] (2.6.6)
QZ z =20 ¢2 Z,
where [R] is independent of the values of ¢. and ¢2 at z = Zpe
The condition that @1(0) = 0 is therefore
->
Flw,k) = AlZRll - G + All)RIZ = 0 (2.6.7)

vhere G, All; and A1 are quagtities appropriate tg the upper
halfspace. “tThe func%ion F(w,k) for general v and k is called
the normal mode dispersion function. It is defined hgre for all
values of « in the upper half plane and for all real k.,

If, as igplied previously, we restrict our attention to modes
where w and k are real, then the matrix [R] will be real and G
must be real if Eq. (2.6.7) is to be satisfied. This limits
the region in the w, k space wvhere one need search for roots of
the normal mode dispersion function. $ince we need onlv con-
sider points such that G is real, we can simply say that the
normal mode dispersion function does not exist if this condition
is not satisfied. We can also say that, if . and ¢, describe
a non-leaking guided mode (which is the only %ype we consider),
then ¢. and ¢, must satisfy an upper boundary condition of
decayiflg exponientially with increasing z in the upper half space.

One of the chief advantages of the multilayer approximation
is that one can formulate a straightforward algorithm which com-
putes the normal mode dispersion function F(w,k)for giyen real
w and k, Thus the computer can formally consider F(w,k) as a
known function in obtaiping dispersion curves. The details of
the computation of F(w,k) are discussed in the description of
the program's subroutines. [See Appendix B.1

2.7 TABULATION OF DISPERSION CURVES

One of the principal difficulties in coding the numerical
synthesis of waveforms was that of obtaining a feasible method
for tabulating the dispersion curves of the guided mode, By
dispersion curves, we here mean the graphs of phase wvelocitv

vp(w,e) versus w for fixed 0, where vp satisfies

Flw,k) = 0 (2.7.1)
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with

k= (w/v,) {"éx cos 6 + Zy sin 6] (2.7.2)

We denote the value of F(w,ﬁ)when k is given by Eq. (2.7.2) as
F,{w,v ). Thus we wish to tabulate curves in the v_, w plane
agong Phich P

FO(w,vp) =0 (2.7.3)

given a computational scheme which either computes F, for given
w and v_ or else tells us that a real Fe(w,v ) does not exist
for such values. P

Such a tabulation of dispersion curves is complicated by
the fact that it requires some care to insure that we do not
mix modes., For example, if (w,, v.) and (w,,v,) are two points
at which F, = 0, it is difficuit td determifie Whether or not
these poin@s both lie on the same curve or on different curves.
An obvious goal is to eliminate the need for human intervention
in answering such questions, The manner in which we accom-
plished this may be of some intrinsic interest as analogous
problems occur in many other contexts,

We specify a rectangular region of the v_ versus w plane and
consider a dense rectangular array of pointspin this region,
Lach point lying on the same row corresponds to the same value
of v_ and each point lying on the same column corresponds to
the Bame value of w. For each such point we compute the sign,

+ or - (or X if F(w,v_) does not exist), of the normal mode
dispersion functiom, POne can visualize such a computation as
being presented in the form of a nicture (which we term a table)

analogous to what one sees on a television screen., (See Fig. 2~3J

In such a picture one may readily perceive (providing the den-
sity of points is sufficiently great) clear-cut regions of the
v_ versus &« plane where the sign of F, is +, regions where FO
18 negative, and regions where F, does not exist (all X's),

The dispersion curves would then correspond to the more or less
sharply defined lines which separate regions of all +'s from
regions of all -'s, The technique used by the authors was (1)
to systematically and selectively increase the density of con-
sidered points to such an extent that all dispersion curves in
the rectangular region could be clearly perceived and (2) to use
the picture array as a gulde for systematicelly tabulating the
dispersion curves for eachi given mode and to define starting
brackets for homing in on particular points on the curves.
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Although the above discussion may seem to be expresséd in

‘humanistic terms, the actual computation is carried out by
‘the machine without human intervention.

One .subsidiaxry problem which had to be solved was that of
determining the criteria for when the density of points in the
"picture" is sufficiently great that all of the dispersion curves
in tlie rectangular region may be clearly defined. For this
purpose the following theoretical conjectures were of con-
siderable utility:

1. No two dispersion curves may- intersect each other,

2. As long as v_ is greatér than the maximum wind speed,
dvb/dwli 0 for any dispersion curve,

The first conjecture follows from the fact that if two curves
cross at a point (w,v_) then one must have F, = 0,8F6/3w =0
9F,/9v_ = 0 all simulPaneously satisfied at ghis point. To
locate*such a point, we would have to solve three equations
for the two unknowns w and v_. Since we have more equations
than unknovms, it would be h!ghly unlikely that such a point
could be found. To date, we have not found any case of this
happening, although the separation between adjacent curves can
be very small,

The second conjecture follows from Eq. (2.4.18). Using the
fact that vp = w/k, we find, after some algebra, that

(-]
r
02y2 4z
dv ’
-1 0
d = -}" oy (207.‘.)
k® - .
[kak™ 322 + Q(kev/k)Y?] dz

0

This 18 clearly negative as long as the denominator is positive,
However, if the denominator is negative, then Eq. (2.4.18)
would require the group velocity to be negative. If the group
velocity is negative, then the discussion associated with Eq,
(2.4,12) implies that the mode should not contribute to the
waveform. In any event, the denominator in Eq. (2.7.4) must

be pusitive for no winds and would most likely be positive if
the winds are sufficiently weak.(Throughout this discussion we
consider Q > 0 for all z.) Thus, while we have not succeeded in
giving a truly rigorous proof of either of these conjectures,
they seem likely to always hold in all cases of interest,
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With the acceptance of the two ‘conjectures discussed above, L
we may regard a pictorial array as ‘being sufficient to resolve ‘the BT
modes if it indicates no apparent violations of the Tio conjectures.
If it does indicate an anomaly, ve . simply add more points..to- the
array (i.e., increase the density of points) until the anomaly
disappears. The: method of .adding -points: should be formulated in
such a manner that one does not go overboatd as the signs of
the normal mode dispersion function will in general ocoupy & large:
amount of storage -&pace i the machine. The method ut1lized in
the program seems to ‘be fairly foolproof and vet reasonably cofi=
servative in the number of points added: to correct apparent. ’
anomalies. Further details may be found in the discussion of
the program's subroutines.

As an example of how the table expansion process works in
practice, suppose that the region of the w,v_ plane considered
is that where ,2 < v < .6 km/sec, .005 < wp< .1 rad/sec,

The first tabulatIon’is made with 900 points, corresponding to
30 equally spaced values of w and 30 equally spaced values -of
v_. For a particular 6 and a particular model atmosphere, the
rBsult (which may at the user's discretion be printed out by
the machine) is shown in Fig. 2<3. We arbitrarily number the
modes starting in the lower left corner of the table and going
up towards the upper right cormer. Note that modes 3 and &
almost touch near (0,024, 0,324), modes 4 and 5 seem to
disappear near (00443, 0.320), and other modes seem to vanish
as well, In order to get rid of these anomalies, the computer
judiciously adds new rows and columns. The table in Fig. 2-4 is
the result. lote that the w coordinates of the rows and the
phase velocity coordinates of the columns are not equally
spaced in the expanded table,
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2.8 OTHER NUMERICAL TECHNIQUES %
The result of the dispersion curve computation is a tabulation 4
(stored in the machine) of points (w,v ) which lie on the n-th K
mode's dispersion curve and which descrige that portion of the g
curve which lies in some prespecified rectangular region of the §
(w,v_) plane. Some specified number of modes are tabulated. 4
The Bize assumed for the rectangular region is an inherent E
limitation on the computation and largely determines the limits ;
of integration used in the evaluation of (2.5.5). Since these 3
limits are not the true limits of the mode, an additional ;

approximation is implied by this technique. There is some degree
of "art" involved in the selection of this rectangular region

and in the interpretation of waveforms computed with such a
truncation,
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the INFRASONIC WAVEFORMS code,
that the modes are distinct,
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An expanded version of the table in Fig. 2-3 created by
Rows and columns have been added so
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i Let v(w) be the phase velocity as -a- function .of frequency for

a given mode which is tabulated at w = w;, Wyy ...wu, the cop= )
] responding values of v being dénoted by V., co Vi For: eaeh of -
y the values Wy the wavenumber ki wi/vi %s computed and. then
the quantities AMPLTD and PHASQ in Egs,” (2.5.4) -are. computed,
The values -of AMPLTD, k, and PHASQ at values of w between
neighboring w, are approximated by linenr interpolation, ‘following
1 a technique ifitroduced by Aki (1960) for numerical integration.over
oscillatory integrands. This defines the integrand at ‘all values.
of w between W, and e The resulting integral may then: be
expressed as a sum of N - 1 terms, each term involving elementary
functions, with no further approximations, The evaluation of
this sum then leads to an approximate value of P, for given ¢ and R.
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The Aki technique described above for numerical integration,
3 although approximate, would appear to be a considerable improve=-
5 ment over the method of stationary phase, commonly used in wave
propagation computations, It would appear that the stationary
phase approximation would probably give grossly erroneous results,
in wiew of the fact that some of the modes are very weakly dis-
persive. Ve 'should point out that the technique used here was :
suggested to the authors by Harkrider's paper (1964). :
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A shortcoming of the computation scheme is that the resulting "
solutions formally violate the causality requirement, Although ;
causality is guaranteed by the Fourier transform solution, the
{ guided mode solution, being an approximation, may not preserve
o this property. Furthermore, the truncation of integration limits
é’ will tend to amplify the non-physical waveform predicted at times
é : before the true wave should actually arrive, However, at moderate
3 and large distances, the noncausal portion of the wave should have
3 relatively small amplitudes, This is borne out by the numerical
computations. The authors believe that, with proper care in the
selection of input parameters, the scheme described here should
X give a fair representation of the dominant portion of the wave-
¥ form for low altitude observation of waves from low altitude
i explosions - providing, of course, that the stratified model for 3

the atmosphere is adequate.
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Chapter IIX

et 4

USER'S GUIDE TO INFRASONIC WAVEFORMS

R

PR

i 3,1 INTRODUCTION

INFRASONIC WAVEFORMS is a digital computer program written in

; FORTRAN IV for the IBM 360 system at M.I.T, A slightly modified

' version for the IBM 7094 is currently in operation at the Air
Force Cambridge Research Laboratories in Bedford, Massachusetts.
The purpose of the program is to give a theoretical prediction of
the acoustic pressure waveform which would be recorded at large
horizontal distances (500 km to 10,000 km) from a low to moderate
altitude thermonuclear explosion in the atmosphere. The program

S represents a substantial extension to an earlier program,

- INFRASONIC MODES, written by A. Pierce (1966).

3 In the program, the atmosphere is assumed to consist of a
number (possibly as large as 100) of horizontal layers, each
having constant temperature and wind velocity. The temperatures,
. wind-velocity magnitudes, and wind-velocity directions are not
necessarily assumed to be the same in each layer, Such a multi-
layer atmosphere, if judiciously chosen, may be expected to give
: a reasonable approximation to any continuously stratified atmo~

5 sphere in so far as the calculations of waveforms are concerned.

el N g b e

It is the authors' intent that the program be written in such
a form as to facilitate use by anyone having access to a large
digital computer. It is written in a manner such that it should
not be too difficult to modify for application to similar problems 4
’ or for use in other computer installations. The fact that we were 3
o able to modify the M.I.T. version for the AFCRL computer with only 3
g a moderate expenditure of time attests to the latter.

AT SR T

f The key to insuring that any program be amenable to wide-spread g
: usage is documentation, This report represents one such attempt
to provide such documentation. In addition, the program is
written with a predominance of COMMENT statements. A listing of
the program is given in Appendix B, The comments at the be-
ginning of each subroutine attempt to explain the function of
each, and its purpose in relation to the main task of the prograu.
Definitions of all variables, input and output, as well as of
those presumed in COMMON storage are given. This rather
elaborate procedure was suggested to the authors by a recent

book on computer analysis of time series by Simpson. (Frankly,
we believe that this is the manner in which all computer pro-
grams should be written.)
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The present program has been continuously tested and used for
well over a year now and we are reasonably certain that it is
free of major coding errors. liowever, the sheer length of the
program prohibits us from certifying this with certainty.

The theory on which the program 1s based is summarized in
the preceding chapter. Here, we attempt to describe the.program
fron the viewpoint of its operation - i.e., to give a user's
manual for the¢ program., To a certain extent, this duplicates
the statements given in the deck listing of the program. How~
ever, in a matter such as this, only a slight amount of confusion
can cause undue grief anl expenditure of time and money. Thus,
we feel that it is vastly preferable to give an overdetailed
account of the program than to run the risk of dissuading some-
one from use of the program, The comments given here apply mainly
to the operation of the M,I,T, version - it is to be hoped that
users at other installations will be able to quickly ascertain
just what modifications in the progran and in its rules of

usage are necessary.

3.2 GLCSERAL DISCUSSION OF PROGRAM USAGE

To obtain a synthesized waveform and/or other auxiliary
information, the user wust decide in advance on the values of
various iunput parameters vhich control the operation of the pro-
grar., These input parameters may be considered as falling within

one of six general categories:

1} Yaraneters specifying the nature of the model atmosphere
to be used,

2) Parameters specifying the nature of the explosion;
namely, its yield and height of burst.,

3) Parameters specifying the location of the observation
point with respect to the explosion.

4) Parameters controlling the nature of the theoretical and
numerical approximations made in the computation,

5) Parameters controlling the extent, detail, and type of
the output.

It is important that the us~r realize that not all input
parometers need be specified, The program is written so as to
allow considerable flexibility ia input and output.

-50-
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E Possible outputs of the computation include the following:
1) Punched cards containing intermediate results in a format

suitable for input to future runs of the program,

‘ 2) A tabulation on the printout of the assumed model atmo-
sphere's properties in a standard format. (Fig. 3-1)

3) Printout of all input quantities as they are read in
(Fig . 3"’2) -

A< orrve oy

4) DPictorial displays of the phase velocity curves of the
guided modes as being lines separating regions where a + sign
L is printed at every point from regions where a - (minus) sign
- is printed at every point of a rectangular array of points in
.he phase velocity versus angular frequency plane. These dis-
plays may later be used to check on whether all desired modes
were included and on whether or not the computation process
was successful in resolving the modes. (Figures 3-3 and 3-4)

8 A ST s A 8 AR A e

2T M,

o

3 5) A listing of the tabulation of phase velocity versus
? frequency for each guided mode (Fig. 3-5).

; 6) A second listing giving the same as in 5 plus parameters
; of the ¢, and ¢, profiles (defined in Eq. 2.6.1) for each point

in the t%bulation. (Fig. 3-6)

) 7) A third listing giving the same as in 5 plus an amplitude
# factor independent of yield, (Fig. 3-~7)

8) A fourth listing giving the same as in 5 plus the yield
dependent amplitude and phase which appear in the integrand of
tne integral over frequency which represents the contribution
to the waveform from a given guided mode. (Fig. 3-8) ;

9) Tabulations of acoustic pressure versus time for selected
guided mode waveforms, (Fig. 3-9)

10) Tabulation of acoustic pressure versus time for the total X
waveform, (Fig. 3-9)

E 11) A plot of acoustic pressurc versus time for selected K
- guided mode waveforms on the CALCOMP plotter. (Fig. 3-10) K

12) A plot of acoustic pressure versus time for the total
waveform on the CALCOMP plotter. (Fig. 3~10)
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. ﬁ
3 MODEL ATMOSPHERE OF 34 LAYERS ;
: :
! LAYER 28 3] H c vx vy rot
5 34 225.CC  INFINITE  INFINITE 0.8C14 7.0 2.3
: 33 205,00 225.0C 20.00 0.7655 2.0 349
3 32 195.C¢ 205.C0 10,00 0.7469 0.0 0.0
’ 31 185.,CC 195,6¢C 10.00 0.7279 746G ¢.?
! 0 175.CC 185,60 10,00 0.7097 0.0 0.9
" 29 165,C¢ 175.CC 10.0C 0.6882 3.0 .0
- 28 1550( ¢ lOSoCG 10000 00658‘ 000 O.'.)
3 27 145,(¢ 155,0¢ 10..60 0.6093 040 0.0
: 26 135,00 145.CC 10.00 0,5413 0.0 0.0
‘ 25 125.€0 135,0C 10.00 0.4783 7,0103 0.0
3 24 115.0¢C 125,00 10.0C 044007 0.0236 0.0
% 23 105.C0 115,0C 10.0¢ 0.3168 2.0309 .0 A
- 22 95,00 105.0¢C 10.00 0.2833 0.6103 9.0
< 21 85,00 95.CC 10.00 0.2718 -0.0051 .0009
] 20 75.CC 85.06 10.00 0.2725 0.0077 0.0 .
3 19 65.0C 75,00 10.00 0.2869 0.0206 0.0
; 18 55,CC 65,00 10.00 0.3104 0.0216 .0 :
5 17 45,00 56,CC 10,00 043230 0.0216 0.0 .
: 16 40,00 45.00 5.0 0.3261 0.0175 0.0 .
. 15 385,00 4,00 5,00 0.3161 9.0082 0.0
q 14 10,60 15,00 5,00 0.3084 0.0021 0.0
X 13 25.¢C 30.0C 5.00 0.3019 -0,0021 €.00C>
: 12 20,66 25.CC 5.00 0.2938 -0,0072 0.000.
. 11 18.C0 20,66 2.00 0.2869 -0.0058 -0.0021
: 10 16.C0 18,00 2.00 0.2819 0.0955 0.0055
? 9 14.€0 16,0 2,00 0.2869 0.010) .0049
; 8 12.C¢ 14,00 2.00 0.2938 0.0139 0.0

7 10.C0 12.€0 2.00 0. 3005 0.0154 0.0

6 8.C0 10.¢C 2,00 0.3078 0.0129 0.0

5 6,00 8.00 2,00 0.3161 0.0098 0.0
: 4 4,00 6.00 2,00 0.3230 0.0046 9.0
: 3 2,00 4.0 2.00 0.3292 0,046 0.0
3 2 1.0C 2.60 1.00 03400 0,0011 -0,0C11
3 1 0.0 1,00 1.00 0.3424 0.0011 -0,0011
1 28=HEIGHT OF LAYER RQTTOM IN KM ~
A IT=HEIGHT OF LAYER TOP IN KM
8 H =WIDTH OF LAYER IN KM
i C =SOUND SPEED IN KM/SEC

VX=X COMP. OF WIND VEL. IN KM/SEC

VY=Y (OMP, OF WINC VEL. IN KM/SEC

,
P B T ]

Figure 3-1. Printout of model atmospheric properties for 30° N,
140° W, in October,
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4 33
: « j g
5 NAML MAS JUST AEEN READ IN g
ol LNANY .3
I 1 NSTARTS 1yNPRNTe L e NPNCHe 1 Cg
L %. END Eg
F :
E 5
L NANZ MAS JUST BEEN READ IN b
. L NAND ‘
'; LANGLESs LofMAXe 33,T=  292,0000° v 289,00002 ¢ 270.20300 ’ Z
T 236.00000 ¢ 225.2000C s 215.C000C v 20%.0000 v 19A,00%060 v 20%.C. N
i 237.00320 v 249,030 ¢ 265.,20000 ¢ 26C,C0000 »  240.060000 ¢ 208, N
S 230.,00790 v 250,09000 ¢ %00,00000 v STC.C00NC v 130,GC0072 v 925.C %
;o 125%.000¢ ¢ 1320.09C9 s 1390.9%000 ¢ 1460,0000 v 1600.0C02 v 0.0 3
v 0.0 v 0G0 vy 0.0 v 9.0 v Y0 » CoO .
'; , 0.9 1] 0-0 [] 000 * o.o L 3.0 * °O° 3
P 2.0 + 0.0 v CoC v 9.0 ' 20 s 0.0 H
2 ! 3.0 v 0.0 ¢ 0.6 v 0.0 ¢ Us0 " V.0 M
g . OQO ’ 0.0 ’ G.o * 0-0 L} 0.0 ’ C.O *
2.0 v 0.0 v 0.0 s 0.0 v Do) ¢ 0.0 g
2.0 v 0.0 s 0,0 v 0.0 » 3.0 + 0.0 !
. ' * 300 [] O.C [ ] 000 * 0.0 [} 0'0 . 0.0 1
3 ) 0.0 v 0.0 v 0.0 v N0 v Co9 s 0.0 3
3 3 2.0 r 20 e 0.0 + 0.0 » J.0 e 0,0 5
' Je0 v 0.C v Cu0 v 0.0 v 0.0 s G,0 3
N 2.0 v 0.0 v 0,0 v 0,0 v 0.2 v o0 :
0.0 v 0,0 v CoC ¢ 0,0 v 0,0 s 0,0 =
H ').O L 0.¢ v 0.0 L] 0.0 ¢ 0,0 » 0.0 :j
N 0.0 ¢ 0,0 v 040 v 0,0 v 0.0 ¢+ 0.0 K
o 2.0 v Cu0 ¢ Co0 e 0.0 e 0.0 v 040 H
i 0.0 v 0.0 ¢+ 0.0 s 0,0 v 0,0 » C.0 :
2.0 v 0.0 v 0.0 ¢+ 0,0 v 2.0 ¢+ 00
R 2.0 [ CoC 1] 0.0 ] 0.0 ’ o.o ’ ooo
5 0.0 L] 0.0 L] 0.0 L] 0.0 [ 0.0 v G.O
2 2.0 v 0.0 ¢+ 0.0 s 0.0 ' VENTYs G0 . =
4 0.0 v CiC v 0.0 v 0.0 v 0.0 s Go0 ‘
3 9.0 v Cuf s 0.0 s 0.0 ¢ 0,0 v 0.0 B
* 2.0 o 0.0 v 0.0 [ 0.0 e 2.0 s 0,0 H
\ 0.0 v 940 N + 040 v 049 » 0e0 :
. 2.0 v CuO v 0.0 s G40 e 0.0 ¢ Co0 .
. 2.0 e Cof ¢ 0.0 v 0.0 v 9.0 e 0.0 )
_: 0.9 [ 0.0 » 9.0 [ 0.0 ¢ 042 ’ C.O ’
N 2.0 » 0.0 ¢ 0.0 s 0.0 v 0,0 s 0.0 i
: 0.0 v 0.0 v 0.0 ¢+ 0.0 s 0.0 0 0.0 -
y 2.0 v 040 s 0.0 v 90 v 40 » 0.0
3 2.0 v 0.0 v 0.0 e 0.0 v 040 ¢ 0.0
0.0 v 0.0 v 0.0 v 0.0 » 0.0 sy Gu0
2.0 'MINDY=  3,000000C ¢+ 3,0000009 ¢ 9.9CCMO0) »  9.4000200 ]
39,000390 +  27,9000C0 v 21.000000 v 15,000000 v 12.,000062 o 14,0
16.,€2003¢C v 34,000000 v 42.000000 s 42,000000 ¢ 40,000700 v 18.C
&C.Crocac v 40,900000 + 20,000000 v 0.0 e 949 v 0.0
3 0.0 ¢ 0.0 » 0.0 v 040 v 0.9 ¢ 0.0
.
: Figure 3-2, Sample of NAMELIST printout,
. L)
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Figure 3=3,

Tabulation of the normal mode dispersion function signs

for the atmosphere of Figure 3-1 and a direction of propagation of
35° north of east.,
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? ( VPHSE NCRMAL MODE DISPERSION FUNCTION SIGN :
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3 Y.4431C Py T et R 2 T 24 .
5 J.43123 D R R Rl R el SR A ek £
3 0,41897  Recmccpto—tbtomcbibbom—t bbb :
3 J,4269C  X=mme- T Ty Ty
3 1439483 L R e LR Y Ly R Y e Y X
: 0.38276 P T ey Y X 1 4
G N+37069 Xm—omm - R X X Lt tEbpmmmmt
A J.35862 e b mmm— I ettt .
g 0434655  Xemmm—dbbbommm—m - rees
X 0633448 R L S T I L R R
= 2,32241 Xbmme et bbb ppmmmmmmmem e rere e
3 7.31034 Xttt bmmrmemmm P YT T T Lo T
1 0.29828 A e S L 2 HHEIEEEEE S
3 7¢28621 Xetttbpocmcmmmmmmemem— e ++
5 0.27414 R D
. D.26207 O e e it
3 7025000  Xé—##tdomomcmm e
i OMEGA 123456789C12345678901234567890
4 PHASE VELOCITY DIRECTICN IS 35,0CCDEGREES
2
1 OMEGA =
‘ 0.500GN0E-02 0.82759€-32 0.,11552€-01 C.14828€6-01 0,18103E-01
A 0,21379€-C1 0.24655E-C1 0.27931£-01 C.31207E-01 C.3%4483E-01
: 0.,37T759€-01 0.41034E-01 0.44310E~-01 0.,47586E-01 C.50862E-01
: 0.54138E-C1 Ce57414E~01 0.60690F-01 0.63965E-01 C.67241E-C1
3 0.77517€-01 0.73793€-01 0.77069€E-01 C.80345€E-C1 0.83621E-21
X 0.86896E-01 Ce9C172E~01 0.93448E~01 0.96724€-01 0.1)000€ 20
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. ! 7457586  Xemm——w= Y SRS Y S 4§ GR  f RO SN
£ 71.56379 e L R X T N s & 4
: { 7.55172 R R 2 e T TS
: { 7+53966 Awmmmmme R Y S a2 L ST R Ly S Ty
o 0,52759 Aemmm———— e e et & 2 X T
S 0.51552 X—==-—m—m- T Y T S T T Y W enuns,
;! 0053345  Rememcecctpocppmnans T T S SR
E 0.49138 e et s SIS LY RS E ILE TS S
0.47631 Aermem——— R R TR R TR X Tt T X 2
0.46774 ) D —t ¢t b b m—— ey e X 2
. 345517 oo me e Y O R o s
: Je.4431C Ammmwma—- bbb L R A L
3 V.43103 R R X R el S A ettt 2 S X ST
. D.41897 ) O Y T R Y e 2 L Y T R
: 7447690C ) e AT T TR L R L TR
2 C.39483 Xmeor e —— L e R e X X T2
¥ 0e38276  Reme-mwe—e- R L L 2 e YT X TR e
3 1.37069 e R R S X S T b pmm——— +
; 0.35862 s T i e I et bbb
. 0434655 e T Y e Y
3 J¢34052 Rmmrm o ——— L e T L ++
S 0. 33448 ) e L ettt
3 . 3.32241 e e e L tEEEEEs
3 0.31940 | e b R ettt DDt L TTR T
g 0.,31789 L et Y
3 0.31713 | R R R R R R R e et L T +e4e
F 2.31638 ) O e et e s
, J.31487 ettt bttt [ L e L e et LS +é
5 7.31336 ) e T e ettt +
3 0.31034 e et R et
, 1.298238 R R et L e L Lt FEEEEER LSS
. 0,28621 Xm—m—e L R D e ittt ++
. 27414 Romm=— bt e e c e c e m -
) 2026207  X=—————#tbbmmmm e e e
: .2500C b e tniatdelts - ‘)
. :
’ NYEGA 12345678901234567890123456789012134567 i
PHASE VELOQCITY DIRECTION IS 35.000DEGREES q
. i
i NYEGA = p
0,500920E-02 0.82759E-02 C.R6853E-02 C.88901E-02 Ce9)948E-02 E
0.,99138€-02 0.11552€E-01 0.14828€E-01 0.18103€-C1 6.21379€-01 ;
0.24655E~C1 0.27931€E-01 0.31207€-01 0. 34483€-C1 Ce37759E-C1 :
0.41034E-C1 0.44310E-01 0,45948E-01 Co46767€-01 0.47586€E-01 :
0.50862E-01 C.54138E-01 0.57414E~-01 0.60690E-01 Ce63965€-31 H
0.67241E-C1 0.70517€E-01 0.73793E-01 0.77069€-C1 Ce80345E-C1 i |
C.83621€E~01 C.86896F-01 N.88534E-01 0.,90172¢6-C1 Ce93448E~-C1 4
0.96724E-01  C.10000€ 00 iz
g . e)'{‘
Figure 3-4., Expanded version of the table in Figure 3-3. Rows ;
and columns have been added to make the modes distinct, ;
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0.008276
0. 008685
0.0C8890
C.009095
0.009914
0.011013
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OMEGA (RAD/SEC)
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0.008276
0.0086644
€.008685
0.008712
0.00878%
0.008852
0.00889)
00008987
0.009095
G+009590
€.009914
% €.010319
: 0.011192
; 0.011552
3 c.012215%
; C¢.013410
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OMEGA (RAD/SEC)

0.008276
0.008500
0.008621
€.008685
0.008727
0.008890
0.009095
0.009914
0.011552
C.014828
0.018103
£.018571
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using the table in Figure 3-4,
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TABULATION OF FIRST 8 KODES

MNDE 1
VPHSE (KM/SEC)

0.257854
C.256762
0.256238
0.285711
N.253487
0. 249999

MODE 2
VPHSE (KM/SEC)

0.317475
C.317133
0.316778
0.316379
0.314870
0.313362
04312499
C.310344
0.,368013
0.,298275
0.,292628
C.286206
0.274137
0.269688
0.262968
0.249999

MODE 3
VPHSE (KM/SEC)

0.328731
0.322413
0.319396
0.318234
0.317387
Ne317615
0.3175%9
0.317503
0.317446
0.317323
0.317161
0.317133

s rAANn

Figure 3-5. A portion of the normal mode dispersion curve
tabulation printed by INFRASONIC WAVEFORMS as determined
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PHI1 AND PHIZ PROGFILE UATA

TAPIMX = Nii, CF LAYER FOR WHICH ABS(PHILUIAPIMX)) IS A MAXIMUM

TAPP?MX = NO, OF LAYER FOR WHICH ABS(PHIZ2 (TAP2MXE} IS A MAXIMUY

R1 = PHIL(IAPIMX) / ABS(PHI2{IAP2MX})

R2 s PHI2(IAP2MX) / ABS(PHI2(TAP2MX})

R3 = PHI2(1} /7 ABS(PHRI2(1AP2MX))

N2C1 = NO. CF TIMES PHI1 CHANGES SIGN

NIC2 = NC. OF TIMES PHI2 CHANGES SIGN

MODE 1
OMEGA VPHSE TAP 1 MX R1 N2C1 1AP2MX
0.0082€ C.25785 34 7.09325 2 16
0.C0869 0.2%676 15 6+5553%7 2 16
0.00886 0.25624 15 6.57698 2 16
3.£09C9 C.25571 15 6059924 2 16
0.00991 0.25349 15 6¢69513 2 16
0.01101 .25000 15 6.84304 2 16
MODE 2
CMEGA VPHSE IAPIMX R1 N2C1 TAP2MX

0.00828 0.31748 Kk 2.07396 3 1
0.008%4 C.31713 32 14.,98704 3 i
.00869 0.31678 32 28.47873 3 L
0,00871 0.31638 32 19.086269 3 24
0,00876¢ Ce31487 32 39,20818 )} 24
0.00885 0.31336 32 38, 63559 i 24
0.0088% C.31250 32 18,31291 1 24
0,00399 C.31034 32 37.49858 1 24
0.00906 0.30801 32 16.60118 ] 24
0.00956 C.29878 3 33,%3206 1 23
0.0C991 0,29 3 10 31,02254 1 23
0.01037 0.28621 29 28,490%4 1 23
0,01119 0.27414 28 25.,01674 i 23
0.01155 0.?26969 28 264,25119 1 23
0.01222 0.26207 24 22474201 1 23
C.01341 0. 25000 2! A0 43318 1 23

Figure 3=6, Sample printout of *t CIHH ¢3 prafile data
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TABULATION OF SOURCE FREE AMPLITUDES FROM SUBRIUTINE PAMPDE 1

HEIGHT OF BURST = 3,000 KM
HEIGHY OF ORSERVERs 0.0 KM

FACT = 0,558 KM/SEC
ALAM = 1,173
MODE 1 :
OMEGA VPHSE MNP
0.00828 0.25785 =0 ,00455954
0.00869 0.25676 -0.00459953
0.00889 0.25624 -0.004591L 71
€.0N9G9 0.25571 ~0, 00457545
0.0C991 0.25349 ~0.00446139
0.01101 0.25000 ~6400421712
MODE 2
OMEGA . VPHSE AMP
0.00828 C,31748 -0,02964770
C.N0864 0,31713 -0.,02382846
0.00869 0.31678 -0,01535229 .
c.00871 0.31638 -0.00928055
3 0.0878 0.31487 -0,00245403
: 0,0C 885 0,31336 -0,00113502
@ 0.0C889 0.31250 -0.00082699
A C.00899 0.31034 -G+ 00046585 ’
4 0.09939 0.30801 -0.0003077%
> 0.00959 0.29828 -0,00G14295
d 0.09991 0,29263 ~0.00012778
i 0.0103? 0.28621 -0.,00013161
8 0.01119 0.27414 -0.00019093
" 0.01155 0.26969 ~0.00023366
P 0.01222 0.26207 -0,00038533
: 0.01341 6. 25000 -0 00098984
3
2 MNDE 3
i OMEGA VPHSE AMP
bt 0.00828 0.32873 -0.000C6837
4 0.0(862 0.31940 -0.00349182
b 0.00869 0.31823 -0.01440191
i 0.,00873 0.31789 0402297221
: €.00889 0.31761 ~0.02886438
i 0.00909 0.31756 ~0.02937463
g 0.0€991 0031750 ~0,02952643

Figure 3-7, Tabulation of modes including the amplitude factor
AMP which is independent of the source strength,
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. MODE TABULATION FCR Y= 10000.00 KJLOTONS
{
o MODE 1
E ; OMEGA VPHSE AMPLTD PHASE
‘ ; £.00828 0.25785 -67670. 3.7268C
: i C.00869 0.25676 ~7CC10. 3.71697
. €.00889 0425624  ~1C745. 3.71206
; i €.009C9 0.25571  -T71337. 3.79715
t ) 0.01191 0.25CC0  =72766. 3.66127
3
3 MODE 2
OMEGA VPHSE AMPLTD PHASE
c.Cc828 0.31748 -3.96551E 05 3, 7268C :
C.20864 0.31713 -3,25613€ 05 3.71796 i
£.C0869 0.31678 -2,10378E 95 3. 71697 :
- C.C2871 0.31638 ~1,27441E 05 3,71634
: €.00878 0.31487 -339]5, 3,71458
: €.C0885 0.31336 ~15781., 3.71297 1
\ C.G0RRY 0.31250 -11538., 3.71206 i
» T €.07899 U.31034 —=6555.5 3.70974 !
k ' C.C09C9 0.308C1 =-4371.9 3.70715 3
. C.C0959 0.29828 =2116.2 3.69529 ;
: C.C0991 0.29263 -1639,9 3,68753 ;3
3 €.01032 0.28621 -2058.8 3,67785 i
! C.01119 0.27414 -3169.8 3.65701 2
f 0.01155 0.26969 -4053.6 3,64844 |
8 C.01222 0426207 -6811.7 3.63267 H
; G.01341 0.25CC0 ~-18688. 3.60436 ij
]
MODE 3 b
:
OMEGA VPHSE AMPL TD PHASE g
i 0.00828 0.32873  -898.67 3, 72680 ]
3 €.00850 0432241  -66064.2 3,72143
, 6.00862 0.31940 -47486, 3.71851
€.C0869 0.31823 =1,9690S€ 05 3.71697
C.00873 Ce31789 -3.14976E 05 3.71596
€.0C889 0.31761 -3,99443F 05 3.71206
€.009C9 0.31756 -4,10974E 05 3.70715
I‘ C.C0991 0.31750 -4.30359E 05 3.68753
: ] C.01155 0.31745 -4,60T6TE 05 3.64844
C.C1483 0.31732 -5.10123E 05 3.57093
*ﬁ

Figure 3-8, Tabulation of modes including the source-dependent
amplitude and phase, AMPLTD and PHASE, respectively.
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TABULATION OF RESPONSES

PRV

TIME TOTAL MODE 1 MODE 2 ‘
1 16000.0 -3,21 0.04 1.29 i
2 16015.,0 -2.57 0.01 1.38
3 16030.0 1.87 -0.01 1.54
& 160'05.0 3,34 "000‘ xcbs :
] 16060.0 -0, 06 ~0.06 1.79
6 16075,0 -1.70 ~0.09 1.87
7 16090.0 l.§7 ~-0.11 1.92
8 16105,0 3.41 ~0.13 1.94
9 16120,0 0.42 ~0.15 1.93
10 16135,0 -1.72 ~0.17 1.83
it 16150,0 1,68 -0.18 1.81
12 16165,0 5.46 -0.19 1.79 ‘
13 16180.0 3097 ‘0020 l057
14 16196,0 1.21 -0.,20 1.41
15 16210,0 2.95 -5.20 123
16 16225.0 S5.67 -0.19 1.03
17 16240,0 3.21 -0.18 0.81
18 16255,0 =095 -0.,15 C.58
19 16270.C 0.86 -0,.15 Ce34
20 16285.C 6.37 -0.12 L.09
21 16300.0 T7.21 -0.10 -0.16
22 16315,.0 3.09 -0.07 -C,41
23 16330.0 1.78 =-0.04 -0,65 .
3 24 16345,0 4,58 -0,01 -GC.88
3 25 1636000 6056 0002 ’1.09
3 26 16375,0 0.16 0,05 -1,29 1
N 27 16390.0 ~1.55 0.08 ~le47 .
5 28 16405.0 1082 0.10 “1062 ’
a 29 16‘20.0 3029 0,13 ‘1075
{ 3¢ 16435,0 ~0.45 0.16 -1.85%
it 31 16450.C ~2.80 0.18 -1.92
5 32 16465.0 0.15 0.19 ~1.96
N 33 16480.0 1.79 0.21 ~-1.96
3 34 16495,0 ~2.78 0.2% ~1.9%
35 16510.0 -6.93 0.22 ~-1.88
36 16525.0 -4 4,05 0.22 ~1.79
2 37 16%40.0 0.15 0.21 ~1.67
H 38 16555.0 -2,20 0.20 -1.53
{ 39 16570.0 -6.80 0.19 ~1.36
40 16585.0 -5,11 0.17 -1.17
3 ‘l lhchIO ‘00“2 0.15 ‘0.96
: h2 l6bls.o -2015 00‘3 -0073
> 43 16630.0 -8,42 0.10 -0.50
b4 16645.0 -8,92 0.07 -6.25

d Figure 3-9, Sample printout of the total and modal pressure histories,
7 The time 48 given in seconds after the blast, and pressure in dynes/cmz.
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Figure 3-~10, CALCOMP plot of modal and total waveforms on a common
time axis and with a common pressure scale, (Reduced to 250 ubars
per inch.,) See Figure 3-12 for a complete listing of the input data,
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It is at the user's discretion as to Just what output is
,actually realized in a given run of the program, A fuller discussion
of 1nput and output variables is given in subsequent sections,

3,3 INPUT PARAMETERS CHARACTERIZING THE ATMOSPHERE, THE SOURCE,
AND THE OBSERVER LOCATTON

- The atmosphere model is characterized by three possible sets
of parameters, These are listed below:

;| IMAX IMAX IMAX
2 E T T CI
= VKNTX WINDY VX1
VKNTY WANGLE w1
() LANGLE LANGLE

a Z1 z1 HI

The variables which appear in these three lists are defined below:

T T AR

1) 1IMAX is the number of layers of finite thickness in the
multilayer atmosphere. It is an integer and may take any value

between 2 and 99, inclusive.

RS et optgmbe

3 2) T is the absolute temperature in degrees Kelvin. It is

; a subscripted real variable; T(l) is the temperature in the lowest
layer; T(IMAX + 1) is the temperature in the upper half space.

(The layers are numbered from the bottom.) Exactly IMAX + 1 values

T(I) should be supplied,

3) CI is a subscripted real variable representing sound speed
in km/sec, CI(1) is the sound speed in the I-th layer. Exactly

=4
- ——

TSR TURTRE

IMAX + 1 values should be supplied.
E 4) VKNTX and VKNTY are subscripted (IMAX + 1 values) repre-
3 senting x and y components of wind speed in knots of the IMAX + 1
s layers (including the upper half space).
: 5) WINDY is a subscripted variable (IMAX + 1 values) repre~

' senting the wind velocity magnitude in knots of the IMAX + 1 layers.

6) WANGLE is a subscripted variable (IMAX + 1 values) repre~-
senting the wind velocity direction in degrees, reckoned counter-

E clockwise from the x axis.

3

!

3 -62=
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Figure 3-11, Sketch showing the geometrical meaning of some
of the input data for INFRASONIC WAVEFORMS,
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7) LANGLE is an integer, If it is O or negative, the computer
is being told that set 1 {(VKNTX and VKNTY) is supplied. If it {s
poaitive, set 2 (WINDY and WANGLE) ie being supplied.

7 Ay
R RV o L R

8) ZI(I) is the height above the ground of the top of the
I~th layer of finite thickness. Its dimensicns should be km.
Exactlay IMAX values should be supplied,

-7 e x e 2 G
B a2k s e

9) HI(I) is the thickness in km of the I-th layer of finite
thickness, IMAX values are supplied.

The manner in which the computer is inetructed as to when
; set 3 rather than sets 1 or 2 is being supplied depends on the
‘ value of a control integer NSTART which has previously been input,
Briefly, NSTART being 1 {mplies sets 1 or 2 are being input, while
NSTART = 2 implies set 3 is being read. This is discussed further

in Sec. 3.5.
: The source model is specified by two parameters YIELD and ZSCRCE:

1) YIELD is the yield of the explosion in KT.
2) ZSCRCE is the height above the ground in km of the explosion,

and THETKD:

L 1) ROBS is the magnitude of the horizontal distance in km
. between source and observer.

E The observer location is specified by parameters ROBS, ZOBS,
(]

;

P ‘ 2)THETIKD is the angle in degrees, reckoned counterclockwise,
G which the horizontal component of the vector from source to

. observer makes with-the x axis.

] 3) Z0BS is the height in km above the ground of the observer.

The meaning of these parameters is further illustrated by Fig. 3~11,

3.4 INPUT PARAMETERS CONTROLLING THE METHOD OF COMPUTATION AND
OUTPUT

A major portion of the computation is concerned with the de-
termination of the dispersion curves (phase velocity versus -ngula*
frequency) of the guided modes, Just which modes and which segments
of modes are fcund and used in subsequent calculations depends on
the search region in the phase velocity vs. frequency plane, This
rectangular search region is specified by the following parameters:
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1) OMl1 is the lower angular frequency limit (rad/sec) of the
search region.

2) OM2 is the upper angular frequency limit (rad/sec) of the
search region,

3) V1 is the lower phase velocity limit (km/sec) of the search
region,

4) V2 is the lower phase velocity limit (km/sec) of the search
region.

Generally, one should select V1 tc be larger than the maximum wind
speed in the model atmosphere. It is also advisable that one not
take OM1 identicaliy equal to 0, as this could conceivably lead to
machine overflow and termination of a given rum.

The details of the search for modes within the rectangular
search region dep2nd on the initial choice of the number of points
at which the sign of the normal mode dispersion function is
tabulated, As is explained in Sec. 2.7, the numerical computation
begins with the generation of an array of points, lying on a
rectangular grid, covering the search region, The total number
of intersection points in this grid is determined by two integers:

1) NOMI is the number of equally spaced constant frequency
lines comprising the vertical lines of the grid.

2) NVPI is the number of equally spaced constant phase
velocity lines comprising the horizontal lines of the grid.

Both NOMI and NVPI should be between 2 and 100, inclusive. 1In
our own calculations, we have generally taken both of these
integers to be 30.

The modes found in the search region are numbered consecutively,
starting from the lower left corner of the region, (Phase velocity
increases upwards and frequency increases to the right.) A key
input parameter in this respect is the maximum number of modes
MAXMOD which are to be tabulated and used in the subsequency
waveform synthesis. If, for example, MAXMOD is 5, the program
will not tabulate or use modes 6, 7, etc, The maximum value of
MAXMOD permitted by the current version of the program is 10,

In our computations, we generally use 10 unless we have some
reason to believe that the higher order modes will not contribute
appréciably to the wave form during the time interval of interest,

For the tabulation and graphing of pressure waveforms versus
time, it is necessary to specify the time interval of the computed

65~
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vaveform and the time increment between successive times at which
the pressure is tabulated, The parsmeters specifying these quan~-
tities. are listed below:

1) TFIRST is the earliest time in seconds relative to time
of detonation at which computations are performed,

2) TEND is the latest time in seconds rélative to time of
detonation at which computations are performed.

3) DELIT is the time increment in seconds for which succes-
sive waveform points are tabulated,

In choosing these quantities, care should be taken to insure
that the number of time points (TEND~TFIRST)/DELIT is less than
1000, since otherwise incorrect values could be obtained through
storage spillover. For all realistic cases which we have consi-
dered, it appears sufficient to take DELIT > 6 sec, It is mean-
ingless to take DELIT much less than (1/20) of 1/OM2. The choice
of TFIRST and TEND is generally made with the intent of including
the main pulse, which travels with speeds of the order of the sound
speed at the ground., The nature of the theory suggests that the
computations will generally not be too reliable at times much
later than this. Some trial and error may be required to deter-
Line the optimum choice of TFIRST and TEND in relation to the
observer distance ROBS, The examples treated in the following
chapter may be of some assistance in this respect. Also, the
experimental waveforms should in principle give a clue to the

proper choice,

The nature and extent of the output is specified by a number
of additional input parameters. If one wants a maximum of print-
out of intermediate values, he specifies NPRNT = 1 (or any other
positive integer); if he wants a minimum, he specifies NPRNT = 0
(or any negative integer). In the latter case, the imput is
listed, the tabulation of waveform pressure versus time is given,
and the waveforms are plotted. In any nonroutine operation of
the program, it is probably advisable to set NPRNT = 1. However,
this does lead to a tremendous amount of printcut, and, if the
current run only represents a slight modification of a previous

run, one may want to set NPRNT = -],

The program also allows for the option to punch out inter-
mediate results on cards. The format of the punched cards is such
that they may be used in later runs of the program as input in
order to save machine time. If one desires this option, he should
set NPNCH = 1, Otherwise, he should set NPNCH = 0O, In general,
it is advisable to avoid requesting NPNCH = 1 unless one plans an
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immediate use of the cards, Otherwise, the bookkesping chores of
keeping track of a large number of cards may get out of hand,
However, the computer time saved (which may be of the order of 10
minutes of 360 time) is rot negligible, and one may sometimes wish
to exercise this option.

To limit the number of plots on the CALCOMP graph and the num—
ber of modal waveforms tabulated on the printout, an input para-
meter IOPT is used, If IOPT is 1,2,...., 10, only the contribution
to the waveform from mode number IOPT is calculated, printed, and
plotted, If IOPT is 11, the computer calculates, prints, and
plots all modal waveforms, as well as the total waveform, If IOPT
is 12, all modal waveforms are computed, but only the total wave-
form is tabulated and plotted., Normally, one might wish to set
IOPT = 11 and obtain ell possible auxiliary results, However, in
routine operation, when the qualitative properties of the individual
modal waveforms are a priori known, one might set IOPT = 12, 1In
some special cases, when one is interested in only one particular
mode, he might set IOPT equal to 1,2,3,..., or 10,

3,5 PREPARATION OF THE INPUT DECK

The program is written such that all input data should be
supplied in the NAMELIST format, which is a standard feature of
FORTRAN 1V for the IBM 360 and the IBM 7094, We find that NAMELIST

is particularly convenient because it enables us to supply only
the data which is needed for a given calculation and because it
minimizes the possibility of keypunching errors during preparation
of the input deck, For a description of NAMELIST we refer the
reader to any of the FORTRAN IV manuals,

The main program has ten NAMELIST statements, each defining
the data which may be read in when the computation executes a
READ statement with a particular NAME, The NAMES of the possible
data sets are numbered NAM1, NAM2, ...., NAM1O,

For convenience of reference, these namelist statements are
reproduced below:

NAMELIST /NAM1/ NSTART, NPRNT, NPNCH

NAMELIST /NAM2/ LANGLE, IMAX, T, VKNTX, VKNTY, WINDY, WANGLE, ZI

NAMELIST /NAM3/ IMAX, CI, VXI, V¥I, HI

NAMELIST /NAM4/ THETKD, V1, V2, OMl, OM2, NOMI, NVPI, MAXMOD

NAMELIST /NAM5/ IMAX, CI, VXI, VYI, HI, THETKD, MDFND, KST,
1 KFIN, OMMOD, VEMOD
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NAMELIST /NAM6/  ZSCRCE, ZOBS

NAMELIST /NAM7/ OMMOD, VPMOD, MDFND, KST, KFIN, AMP, ALAM, FACT
NAMELIST /NAM8/ YIELD

NAMELIST /NAMY/ MDFND, KST, KFIN, OMMOD, VPMOD, AMPLTD, PHASQ
NAMELIST /NAM10/ TFIRST, TEND, DELTT, ROBS, IOPT

In any given run with the program, the first card in the data
card pack should be a NAM1 card., This card should generally be of
the form

&NAM1 NSTART= s NPRNT= s NPNCH = &SEND

with desired values supplied for the parameters NSTART, NPRNT,
NPNCH. The order of these three quantities is irrelevant, Fur-
thermore, the name, equal sign, and value of any of them may be
omitted if one desires to use the value of 0 for any of them,

The cards following the first depend on the value of NSTART,
Unless one is supplying data in the form of intermediate results
computed during previous runs, he would take NSTART =1, Given
that NSTART=1l, the data cards following should be those corresponding
to NAM2, NAM4, NAM6, NaM8, and NAM1O, in that order. Only nonzero
values or values of quantities which will be used in the compu-
tation need be supplied. Thus, for example, if one sets LANGLE=0
(See Sec., 3.3.), then he need not list the values of WINDY or
WANGLE in the NAM2 data group. Values of subscripted variables
should be listed in the format (for example)

VKNTX L 0. ’0. ’200'2.0,500’7.5’500.m.0.00

signifying that VKNTX(1)=0,,VKNTX(2)=0,,VKNTX(3)=2.0, etc. Note
that, even though the first two numbers are 0, they could not be
omitted, since otherwise the computer would consider 2.0 to be
VKNTX(1). However, & long string of identical numbers can be
abbreviated by writing 6%0,, for example, for a string of six zeros.
It must be emphasized that elements with indices greater than the
largest index for that variable used in the computation need not

be supplied. In other words, just because 100 spaces of storage
are alotted to VKNTX ddes not imply that 100 numbers need be listed
in the input,

If NSTART=2, one supplies NAM3, NAM4, NAM6, NAM8, NAM10, If
NSTARE=4, one supplies NAM7, NAM8, NAM10, If NSTART=5, one supplies
NAM9,NAM10, This procedure is described in greater detail in the
first two pages of the deck listing of the main program in Appendix
B, The option of taking NSTART=2, 3, 4, or 5 simply allows one to
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make use of intermediate results calculated in previous runs of the
program. The data in NAM3, NAM5, NAM7, or NAMS would generally have
been punched in NAMELIST format during a previous run. We did not
define all of the input variables in these latter lists in the
preceding two sections since, in normal operation, those variables
omitted would be gpecified by the computer (through the punching
process) rather than by the user, The variables in NAM3 are a
possible exception, as NAM3, through the NSTART=2 option, simply
provides the pos:ibility of supplying the parameters defining the
model atmosphere in a manner other than that implied by NSTART=],
This has been discussed in Sec, 3,3,

A list of all possible input variables and their definitions
is given on pages 3, 4, 5, of the deck listing of the main pro-
gram in Appendix B,

The last card read in corresponding to a given problem is
always the NAM10 card. The very next card should always be a
NAM1 card., 1f the problem previously considered is the last
problem to be computed in the run, one specifies NSTART=6 in the
NAM1 list and needs not specify the values of NPRNT or NPNCH.
If not, he specifies NSTART=1,2,3,4, or 5 and gives his data cards
in one of the sequences and formats described above. The rules
for providing data for successive problems are similar to those
for the first with one exception., If the user fails to provide a
value for any quantity, the value assumed by the computer for that
quantity will be that value currently stored in the machine ~
which may not necessarily be zero. Also, even though the user may
wish to use all the values previously input through a (for exemple)
NAM2 list, he must put a NAM2 card in the portion of the deck
corresponding to the current problem. Such a card would be of the
form

&NAM2 (blanks) &END

It is in successive problems that the option of taking NSTARI=2,
3, 4, or 5 may find its greatest utility. For example, if one
wished to study the effect of yield with all other variables fixed,
he could take his data for the second and successive problems in

the form

&NAM1 NSTART=4 xEND
&NAM7 &END
&NAM8 YIELD=2000 &END
SNAM10 &END
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ENAM1 NSTART=1, NPRNT=l,  NPNCH= =1 EEND

ENAM2

IKAX = 33, —_—
71210020 0%006008a910a0l20:1400160018002009256¢3044350 040604564554,

6509756 ¢850995091050901150912560135621450915504165,9175.4185.5195.¢
205442254 9
T72292002886027046026000249092360022%5¢92156¢205091980¢2054421500227.+
23700249 9265 026000240602050018549184402000025045¢400e¢57000¢73000
925241080 ¢11800412550+1320091390¢¢14604¢16004,
LANGLE = 1,
WINDY=3403009005001909250030092704210015001260lb00%00%eslbasb09b20s
420 040291560106 202060600¢4Ce¢20099%04
WANGLE=-054 ¢ =45, ¢16%009224+45092006 918040180, ¢7%0641804013%C0

EEND
ENAMg
THETKD = 35,44
vVl = 0,75, V2 = 0460
oMl = 0,005, OM2 = Q.1
NOMI = 30, NVPI = 30,
PAXMGD = B
EEND
ENAMG ISCRCE = 3,00 208S = 040 E£END
ENAMB  YIELD = 104€3  LEND
ENAMLO ROBS = 5600,
TFIRST = 16.€3, VEND = 21.E3,
DELYY = 15..
10PY = 11,
LEND

Figure 3-12, A listing of the input data used in an effort to match

the microbarogram recorded at Berkeley, California, following a blast

at Johnson Island on 30 October, 1962, The synthesized waveform is showm
in Figure 3-10 and is compared with the empirical record in Figure 4-23,
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The value of YIELD would vary for successive problems, It should
be noted that the above would save considerable computer time
when compared with the option of taking NSTART=1,

To illustrate some of the points discussed above, a listing
of a sample input deck is given in Fig. 3-12. The resulting out-
put should include that shown in Figs. 3-1 through 3-10. i

3,6 FURTHER DESCRIPTION OF THE OUTPUT

In Figs. 3-1 through 3~10 we show a selected portion of the
output generated by the program with the input deck listed in
Fig., 3-12. This output is representative of what might be ob-
tained during normal usage of the program.

Figure 3-1 gives the computer printout of the basic model
atmosphere used in the calculation as derived from the input data.
Its format should be self-explanatory. :

Figure 3-3 gives the initial table or pictorial display of
the normal mode dispersion function sign at points in the phase
velocity versus angular frequency plane, The +'s and -"s denote
the sign, while the X's imply that the upper boundary condition
could not be satisfied. The row" correspond to different values
of the phase velocity VPHSE, These values in km/sec are listed
in the first column., The columns correspond to different
angular frequencies OMEGA., The w values corresponding to the rows
(from left to xight) are listed below the figure in the order in
which one would read a book (left to right, then down a row. The
sequence 1234 etc, of numbers directly below the figure is intended
merely to facilitate counting., The number given for the phase
velocity direction should be the same as the input value of THETKD,

P e

Figure 3-4 represents an expanded version of the display
given in Fig. 3~3. This is the result of the expansion process to
fully resolve the modes which was described in Sec, 2.7, Since
the rows and columns are now unequally spaced, the apparent graphs
of the dispersion curves are not in a uniform scale.

Figure 3-5 gives a portion of the tabulation of the dispersion
curves for the modes found during the search process. Note that
only the segment of a mode which lies within the search region is
tabulated. It also should be noted that the increments in OMEGA
(in rad/sec) and VPHSE (km/sec) are not uniform. This is an
attribute of the computational process which was selected in order
to obtain good resolution of both nearly horizontal and nearly
vertical segments of the disparsion curves.
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Figs, 3-6, 3~7 and 3-8 each give the same information as in
3-5 plus tabulations of quantities which may be of interest to
the user and which vary along the dispersion curves, It may be
questioned whether the printout in Fig. 3-5 is necessary, but we
decided on this superfluous ocutput because of the fact that the
information in Fig, 3~5 has a wider applicability than that in
Figs, 3-7 and 3-8, Also, the user might wish to display the dis-
persion curve tabulations alone without having to explain away
the presence of other data.

As in the case of the dispersion curves, the data listed in
Fig, 3-6 1is a function of the model atmosphere only., PHI1 and
PHI2 are the ¢. and ¢2, respectively, introduced in Section 2.6.
The values of %hese "potentials” are calculated at the ground and
at the top of each finite layer in the model atmosphere, and
these values are used in later calculations., Since the profiles
of these functions might give the user some insight into the
physical significance of the various modes in the computation,
Fig. 3-6 shows a tabulation of profile parameters, as defined in
that printout, for each point on the dispersion curves previously
tabulated,

The factor AMP, which is tabulated in Figure 3-7, is defined
by Eq. (2.5.4d) and depends on heights of burst and observer but
is independent of yield. Also shown in this figure are the para-
meters FACT and ALAM (Ao) which are defined in Sec, 2,5.

Figure 3-8 shows the form of the tabulation of AMPLTD and
PHASE, which are defined in Sec, 2,5 and depend upon the yield of
the source in addition to the atmospheric model and the heights
of burst and observer,

Fig. 3~9 gives a portion of the printout of the total and
modal acoustic pressures calculated in consequence of the input
data shown in Fig. 3-12, while Fig. 3-10 is a reduction of the
corresponding CALCOMP plot., In both the tabulation and the plot,
pressures are given in microbars and time in seconds after the
blast, On the plot, the modes are drawn in ascending order be-
ginning at the top, and their total is at the bottom. The
common pressure scale is determined automatically such that the
maximum amplitude of the total waveform will be about 2 inches
on the plot. Note that these formats for the tabulation and
plot are consequences of having set IOPT = 11 in the namelist
NAM10, A description of other possible output formats for
predicted acoustic response may be found in the last paragraph
of Section 3-4,

For each input case (i.e., for each NAM10 read), the code
will print all input data and will generate a tabulation and plot
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of a waveform; however, whether the outputs shown in Figs., 3~1 and
3-3 through 3-8 are printed will depend upon the current values

of NPRNT and NSTART. I1f NPRNT is less than 1, none of them will
be printed; otherwise, all are printed which correspond to points
in the calculation past the point of entry specified by NSTART,
For example, suppose that NPRNT = 1 and NSTART = 4, The first
calculations made for this case are those involving the source
strength (YIELD), so that the only printouts will be the imput
data, a tabulation of the type shown in Fig, 3-8, and a tabulation
of responses (as determined by the value of IOPT).
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Chapter IV

T

; SOME NUMERICAL STUDIES

TR RS TAYE

4,1 ILTRODUCTION

In this chapter, we present some numerical studies which have
; been made during the past year using the computer program INFRA-

: SONIC WAVEFORMS, which we have described in the preceding two
chapters, These studies were concerned with checking out the pro-
gram, comparing its predictions with previous calculations by
Harkrider (1964), and in exploring some general trends., These
studies are relatively modest and only scratch the surface.

L In these studies we refer to the individual modes using a
nomenclature devised by Press and Harkrider (1962). TFor con-
venience of reference, we review this nomenclature here. 1In

: any plot of numerically obtained dispersion curves, i.e., of phase
; velocity versus frequency, the modal curves fall into two clearly
' defined groups - regardless of the value of 0,, A sample plot is
shown in Fig. 4-~1, The identification GR,, GEl’ GR,, etc. for the
so~called "gravity modes" and S,, S,, S,, etc. for %he so-called
"sound nodes" sliould be evident {rofi thé figure., In labeling
these modes the first step ig always to identify GR, and S.. These
are two adjacent modes which are widely separated ag low fre-
quencies, G}, having a low frequency phase velocity of the order
of the sound speed at the ground and S, having one which is
considerably higher, of the order of tge largest socund speed in
the atmospheric profile. The tuo modes invariably become very

] close at a frequency of the order of a representative Brunt
frequency in the lower atmosphere. However, the two modes do not
cross, (The protable reason for this absence of an intersection
is explained in Sec. 2.7).

Once GR, and S, are identified, the remaining modes are labeled
in the order in wh?ch they appear, Thus §,, §,, S,, etc., are
the nodes corresponding to curves which woiild Be encountered tv
one scanning upwards and to the right starting from S, while 'Rl’
GR,, GR,, etc., are the modes encountered by one scanning

dovmwarids and to the left from GRO.

4.2 A COMPARISON WITH HARKRIDCR'S RLSULTS

Since the program is capable of synthesizing waveforms when
the model atmosphere is without winds, it should in principle be
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Figure 4-1, Sketch showing the labeling scheme used in this
report for the acoustic-gravity modes,
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capable of reproducing computations carried out by Harkrider (1964).
Furthermore, any comparison of our calculations with Harkrider's
should serve as a means of discovering any major coding errors in
the program, We were therefore considerably disappointed when

we first made such a comparison and discovered substantial
discrepancies, Two fruitless months were spent in checking and
rechecking the program and the theory before we finally discovered
that the discrepancy was due primarily to differences in formula-
tion, Such differences in the formulation evolve arcund how one
incorporates a model of a nuclear explosion into the theory.

To explain this difference, we discuss helow some of the
differences between the mathematical expressions used by Hark-
rider and those presented in Chapter II. In order to avoid a
lengthy review of the Markrider theory, we use his nomenclature
below, For brevity, ve do not define all the symbols used, as
those not defined here are defined in llarkrider's paper.

The Harkrider theory gives the pressure waveform due to any
given individual mode as being of the form

-\ a
p = {B}e ® sp;(D){Il +1,) (4.2.1)
where
%
1 - z] (L}Ha, 09 (E)cosTutt - T,)] du (4.2.22)
0
I, = 2J {L}{AA}{l~t}cos{w[t - (TA + TX)]}dw (4.2.2b)
0y
{5} = /m* %(a_sin 0y~ 2an,, (4.2.2¢)
(L) = o, /p ), (4.2.20)
J
) = 2 + wz)-lk;/z (4.2.2e)
{8} = exp{(as/as)(ci - wz)l/Z} (4.2.2f)
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The quantity oy is (y/2)(g/a_ ) at the burst altitude. Note that

the subscript 8 refers to the source and that «_is the sound speed
at the source. The quantity 24 is the radius of the earth, while
the iygntity a is a scaling length which increases with yieid Y

as Y'7; As is cllas; D is source altitude,

The formula corresponding to Eq. (4.2.1) according to the
formulation presented in Chapter II is

p = {BH1/pZ ) HI}p2/p (4.2.3)

where

A

. z[{x}{Amy}{n}cos[w(t -t 4t ))de (4.2.4a)

A

1/2

(&} = = (@2/a,)[p° (2)p (D)] (4.2.4b)

The quantity {AMP} is as defined in Eq. (2.5.4d).

With some minor discrepancies, it would appear from a com=-
parison of the two derivations that

(K {awr}= {L}{AA] (4.2.5)

What discrepancies do appear would Le due to the fact that we use
an energy source model rather than a mass source model. To

check whether or not this is the case and as a check on the
program, we compared our {AMP} with Harkrider's A, vhen source
and observer are on the ground (i.e., z = () and D'= 0)., In

this case we should have

B e ° )
Ay pocxo{AMl }

In Fig. 4-2, we show a plot of {AMP} in km-l vs. period in
ninutes for this case for the U.S, Standard atmosphere with no
winds. This should be compared with Fig. 7 in larkrider's 1964
paper. Although the units are not the same, the general shapes
of the curves are remarkably similar. To check on the quanti-
tative agreement, we took «_ = 1/3 km/sec and p_ = 12.6 x 10" * pm/cm3. -
The maximum value of -p°a {XMP} for the GR nod8 is then found
from Fig, 4=2 to be .0196°x 107? (pm/cm®)/sSec. The corresponding
number in harkrider's praph (as best we can read it) is ,013.
Since llarkrider does not specify the units on this graph, we
checked with him concerning this and found that 1 unit on the
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Figure 4-2, Plot of AMP vs, period for modes GRO, So' Sl’ and S
AMP is defined in Eq. (2.5.4d).
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graph corresponds to 107 (gn/ecm?)/sec. Thus the agreement
would appear to be substantial.

The analysis above still leaves several additional formal
differences vhich may or may not be of some importance, especially
for megaton class explosions. Ve emumerate these explicitly below:

-\ a
1) The factor e ° ° in Eq. (4.2,1) doe: aot appear in

Lg. (4.2.3).

2) 7The factor {L} in Eq. (4.2.2a) for w < 0, does not appear
in our Eq. (4.2.4a).
3) The quantity T, in Eq. (4.2.4b) for w> % does not appear

in our Eq, (4.2.4a). X

4) The T, in Egs. (4.2.2a) and (4.2.2b) is replaced by

1A *
T - Tas in Lq. (402043).

A

Each of these differences may be traced to the methods in which
the source model was incorporated in the theory, In Harkrider's
theory, he matched his formal solution to the cube root scaled
waveform (extrapolated from 1 KT) which would be received at a
distance a directly below the source, the distance a varying
with cube Yoot scaling. In the theory in Chapter II, the source
was taken as a point source with a time dependence chosen such
that the calculation would agree with low yield explosion data
were the atmosphere homogeneous, It is difficult to say with
certainty just which formulation is the more nearly correct.,
llowever, one consequence of liarkrider’s method is an effective
attenuation of high frequencies as yield is increased - much
more so than is indicated by the available data. (This would not
have been the case were the reference point at the same altitude

as the source.)

We consider the fourth distinction to be of no consequence as
it only changes the time origin without altering the shape of the
waveform, The other three should be relatively minor for low
yields but may lead to large discrepancies for megaton class

explosions,

To check the assumption that the first three distinctions
listed above are responsible for any major numerical discrepancies
between the results computed using INFRASONIC WAVEFORMS and those
given by Harkrider, we attempted to reproduce the theoretical
barograms in Harkrider's Fig. 13 for the direct wave as observed
at 8000 km from a 4 MT explosion at a burst height of 2,13 km,

We did this first using our program with no alterations and then
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modifying (temporarily) the program to include the factors 1~3
discussed above. The results are shown in Figs. 4-3 through 4-8,

Each figure sliows the graphs for a given mode (or the total
response) as determined by three different methods, The top
graph in each figure was calculated by the unaltered Pierce~
Posey code. The second graph was calculated by the Pierce~Posey
code with the factors exp{~A a_ ] and E and the phase shift T
included as noted above, Thé Bottom curve is the correspondzng
graph from Harkrider's Fig. 13,

1f we compare the unaltered modes with Harkrider's we note
that the mode shapes are quite similar. However, three
significant differences do exist:

1) Our GR0 dies off more slowly than does larkrider's.
2) Our acoustic modes are much stronger relative to GR0
than are Larkrider's.

3) All of our acoustic modes arrive approximately 3 minutes
later relative to GR, than do Harkrider's.

In our altered calculations, GR, dies out more rapidly, the
acoustic modes are weaker relative 20 GR, than before, and the
acoustic modes arrive slightly earlier relative to GR,. This
clearly indicates that the factors and phase shift considered are
the major sources of differences between Harkrider's synthesized
waveform and ours. Our altered total response is almost identical
with his up to about 26900 sec., where our S, begins to dominate
the sum., Since &§, is not included in llarkrider's sum, agreement
could not be expected in this region.

The fact that the altered waveforms for each mode have ampli-
tudes of about 2/3 those reported in Harkrider's figure may be
attributed in part to the absence of the factor p°/p° in llarkrider's
original formulation. llowever, we understand that tfis has been
corrected in the version of his program currently in operation.

This would lower uarkrider's amplitudes bv a factor of .76 and

would bring the two sets of computations to a fair agreemeant. We

are not sure of the cause of the remaining discrepancy but think

it might be due to either our use of an energy source rather than

a mass source or to a different choice for ambient density at

the ground, %The similarity in shape of the two waveforms suprests
that the major cause of the discrepancy has been amply accounted for,
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Fipure 4-3. Comparison of mode GR_as computed by Pierce and Posey and

o
by Harkrider. Hlere and in Fips. 4=4 throuph 4-8, no two curves are
neccessarily on the same pressure scale, but all use a common time scale.
The value of a representative troush-to-peak pressure variation is

siven for each curve,
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Figure 4-7. Mode 83 as computed by Pierce and Posey.
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4,3 GLILRAL TRLNDS

The computer code INFRASOWIC VAVETORMS has been utilized to
study the effects of the various parameters of the source (yield,
height of burst) and of the atmospheric model (temperature and wind
vrofiles, upper boundary condition) upon theoretical microbarograms.
For the sake of simplicity and economy, models of only four to
seven finite layers plus the upper half-space were used in this
initial study., The temperature profile shown in Fig, 4-9 with
no winds was chosen as a standard for the purposes of comparison,
Notice that this profile exhibits certain features of the ARDC
standard atmosphere: there are two sound channels, one centered
at 25 km and one at 85 km, with the model's minimum temperature
in the upper channel, Most runs were :.2de using a yield of 10 MT,
height of burst of 3 km and a range of 2000 km. The synthesized
nicrobarogram for the standard conditions is given in Fig, 4~10
together with graphs of the modes summed to arrive at the total

response,

The Upper Loundary Condition

As the altitude increases, the composition and density of the
atmosphere changes considerably. As the composition changes, the
application of the perfect gas law becomes less appropriate, and as
the medium becomes increasingly rarified, the equations of hydro-
dynamics lose their applicability, However, under the assumption
that practically all of the ecnergy of a given disturbance is below
100 km, it would seem that the details of the atmospheric structure
above the ionosphere should have little effect upon the waveform
observed on the ground. This hypothesis was confirmed by a
series of runs in which the atmosphere below 110 km was held
constant, while the temperature profile above this height was
varied, While dominant frequencies and amplitudes were, in
general, unaffected, the details of the individual modal waveforms
did vary, and two definite trends were observed,

If only the temperature in the upper half-space (T ) is varied,
one sces that the two extremes, T small ("almost" a free boundary)
and T large ("almost" a rigid boundary) produce microbarograms
which look very similar (Fig. 4-11). But, if one compares the
tables of the normal mode dispersion function signs for the two
cages (Fig., 4-12), it is clear that in the process of going from
one extreme to the other, the dispersion curves have shifted,
since the sign of the normal mode dispersion function at any given
point in the frequency-phase velocity plane has been reversed,
txamination of intermediate cases reveals that the shift has
been upward for increasing T_; i.e., the dispersicn curve normally
associated with the GR, mode in the free case moves upward and
assumes the shape and position of the curve normally associated
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with the S mode. Fer an intermediate case, for which the modes

are in the midst of their transitions, the modal disturbances bear
little resemblgnce to those for the extremes, yet their total

(Fig. 4-13) does resemble that for the extremes, at least for the
first half hour. The suggestion made here is that because the
dispersion curves are strongly dependent upon T_, but the waveform

is not, the modes which arise are primarily mathematical conveniences
with limited physical significance. This contradicts the viewpoint
prevalent in much of the current literature,

Secondly, as soon as the temperature in any layer is of the
order of three times any relative maximun for the atmosphere below
that layer, a rigid boundary condition at the bottom of that
layer is approximated. For example, the two waveforms presented
in Fig. 4-14 shov almost negligible difference, although they were
produced by two different models, one with T = 800° K beginning
at 130 km and the other witii temperatures of 800° X from 130 to
150 km, 1000° I from 150 to 200 k¥n, and 150C° ¥. above 200 kn. It
is clear that the additional layvers in the second model had little
effect upon the predicted wicrobarogram,

The Temperature Profile

The computer code beins; used in this study synthesizes micro-
barograms by suaming the theoretical contributions from guided modes.
In general, there are three types of ducting mechanisms which might
produce guided modes: (a) Lamb mode ducting, (b) sound channel
ducting, and (c) discontinuity ducting,., (See Figs, 4=~15 through
4-17.) A Lamb mode exists in an isothermal atmosphere due simply
to the presence of the ground. Its energy density decays expo-
nentially with altitude., A sound channel exists at any altitude
where the sound speed profile has a relative minimum, The third
phenomenon which might contribute to ducting is a tendency in some
circumstances for wave energy to be concentrated near discontinuities
or in the region of large gradients of the sound speed.

Since we are generally concerned with the waveform observed at
the ground due to a source near the ground, one would guess that the
most important influence would be from Lamb mode ducting, with the
effect of a sound channel being to strengthen or weaken the Lamb
mode, depending upon its altitude and strength. The only large
sound speed gradients in the atmosphere are at great heights., Thus,
our earlier consideration of the effect of the upper boundary
condietion tells us that this mechanism could not significantly
contribute to ducting, except that a free or rigid boundary pro-
hibits radiation of energy away from the earth and produces micro-
barograms (Fig. 4-11) vhich decay more slowly than those for
intermediate cases (Fig. 4-13).
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Figure 4-13., Pressure waveform for a case intermediate to the
free and rigid upper boundary conditions. Here, T, = 300° K.
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Figure 4=14, Synthesized microbarograms for (a) an atmosphere with

T, = 800° K beginning at 130 km and (b) an atmosphere with temperatures
of 800° K from 130 to 150 km, 1000° K from 150 to 200 km and 1500° K
above 200 km,
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Figure 4-15, Sketch illustrating the mechanism of Lamb mode
ducting., In an isothermal atmosphere, the Lamb mode has its
maximum pressure at the ground and decays exponentially with
height,
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Figure 4-16, Sketch illustrating the mechanism of sound
channel ducting. The energy of the disturbance is concentrated
in the region of a relative sound speed minimum,
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Figure 4-17. Sketch illustrating the phenomenon of discontinuity
ducting., The pressure has its maximum value at the discontinuity
in sound gpeed and decays exponentially with distance from it,
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The hypothesis that Lamb mode ducting is the principal mechanism
of propagation for the acoustic-gravity wave under consideration is
discussed in more detail in Chapter VI, lere the effects of the
two sound channels in the standard atmosphere are investigated,
Since we assume that the atmosphere has constant composition and
obeys the perfect gas law, the sound speed is proporticnal to the
square root of the absolute temperature. The sound speed profile
of our standard model is shown in Fig. 4-18, along with the
sound channel variations studied, Variation 1 eliminates the lower
channel, 2 increases the sound speed in the upper channel so that
the minimum is in the lower channel, and 3 eliminates the upper
channel,

Examination of the microbarograms (Figs., 4-19, 20, 21) cor-
responding to the three variations reveals a strong dependence
upon both sound channels, since all three waveforms are different
and none resembles the standard., By looking at the GR,, S, and
S, modes, we see that their shapes and relative sizes seem to de-
pend most strongly on the location of the minimum sound speed in
the model, That is, tlie nodes for variation 1 most resemble those
of the standard, while the modal patterns of variations 2 and 3
resemble each other. Also, the entire G, mode is almost the
same for all cases, indicating that it is probably governed most
strongly by Lamb ducting, DMode S, shows its largest contribution
to the ground level microbarogram in the two cases, variations
Z and 3, when the model has its minimum sound speed in the lower
channel, This might mean that S, tends to concentrate its energy
near the minimum sound speed, although to put nuch emphasis on
this possibility would be somewhat inconsistent with our earlier
conclution that the modes are of limited physical significance,

The Wind Profile

In studying the effects of winds, we fiyd it convenient to
define an equivalent sound speed, ¢ = ¢ + v*i, yhere c is the
sound speed, v is the wind velocity vector, and i is a horizontal
unit vector in the direction of propagation, Two windy models
which were used to produce theoretical microbarograms (Fig. 4-22)
both have c profiles the same as the standard atmosphere, but
one, variation 4, has a c_ profile equal to the c profile of
variation 1, and the othe¥, variation 5, has a ¢_ nrofile equal
to the ¢ profile of variation 2, MNotice that, even thouch winds
are actually treated in a much more sophisticated manner than
simply using ¢, in the place of c (see Chapter II), the results
imply that the sophistication has only slight effect on the predicted
vaveforms., The microbarograms for the uindy atnospheres,
variations 4 and 5, very stronglv resemble the records for the
windless models having the same c¢_ profiles (variations 1 aund 2,
respectively). Thus, as long as the wind speed in every layer is
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Figure 4-18, Sound speed profile for the standard temperature
profile shown in Figure 4~9 and three variations studied.
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Figure 4-19. Microbarogram and three of the modes calculated
using sound speed variation 1 (See Fig. 4-18).
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much less than the speed of sound for that layer, the major effect
of the wind is simply to change the effective sound speed profile,
In retrospect, it would appear that one need not incorporate winds
into the computer code; instead he may use the device described
above,

Source Parameters

Test runs in which the source parameters were varied indicated
(1) that, for bursts well below the sound speed minimum in the
lover channel, the height of burst has relatively little effect
on the shape of the generated wave and only slight effect on its
amplitude and (2) that the yield of the explosion has little
influence upon either the wave's shape or the ratio P' = (wave
anplitude/yield). In one example studied, P' fell by 47 as the
yield went from 18 Y to 30 MY, Iliff (private communication,
1970) has studied both of these types of variations in con-
siderably more detail using INFRASONIC WAVEFORMS and finds that
the height of burst effect is very significant at altitudes above
10 km., 1In particular, the wave amplitude on the ground tends to
increase with height of burst up to an altitude of the order of
40 km for megaton class explosions and then decreases with
increasing altitude. Also, the ratio P' shows the smallest
variation with yield for the earliest portion of the waveform;
the variation may be considerable for the later arrivals,

4.4 A COMPARISON WITH EMPIRICAL DATA

On 30 October, 1962, the United States exploded a thermo-
nuclear bomb of the megaton range near Johnson Island. The
collection of observed microbarograms published by Donn and Shaw
{1967] contain several records made following this blast, one
of which, the Berkeley record, appears exceptionally free of
noise and appears representative of what might be expected for
a waveform under ideal circumstances. (This judgment is not
solely that of the authors, since this waveform was chosen by
others for the cover of the program of the Symposium on Acoustic
Gravity Waves, Boulder, Colorado, July, 1968,) Thus, it was
felt that this was the waveform which we might have the best
chance of matching with a theoretical synthesis.,

In preparing the input for the program INFRASONIC WAVEFORMS,
the most important decision is the choice of a model atmosphere,
Unfortunately, there are three categories of atmospheres which
strongly affect the waveform received: the atmosphere near the
source determines the relative excitation of the modes, the
atmosphere along the path of the disturbance determines how the
wave propagates, and the atmosphere above the observer determine-
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the ground strengths of the modes. Moreover, none of these
atmospheres is constant over time or has winds and temperatures
which are functions of altitude alone. Thus, in light of the
fact that our model can neither be representative of the entire
range of atmospheric profiles above the path nor display the
inconsistency and horizontal inhomogeneity of any real atmosphere,
exact agreement between theory and experiment would not be
expected. ievertheless, general agreement might be hoped for.

An atmospheric model was constructed to represent the average
conditions between Johnson Island and llerkeley for the month of
October, The temperature profile (Fig. 3~-1) was taken from
Valley's Handbook of Geophysics and Space Environments, Figures
2,2, 2.4, and 2,5, and tue wind profile (Fig. 3-1) vas taken
fron Valley's Figure 4,11 and Table 4.21 and from the 1965
COSPAR International Reference Atmosphere, p. 46,

Since the actual yield and height of burst for the source
was not knoim, they were set arbitrarily at 10 MT and 3 km,
respectively. A range of 5600 km and direction of propagation
of 35° north of east were used. For a copy of the complete input
data, see Fig. 3~-12,

The synthesized waveform agrees surprisingly well with the
observation (Fig. 4-23), both having the same time of arrival,
a 5,5 minute period for the first major cycle, and the same
doninant periods and relative amplitudes for about 35 minutes.
Since Donn and Shaw did not give the amplitude of their record,
an amplitude comparison cannot be made here. On the first major
cycle of the synthesis, there is a variation of about 300 ubars

from peak to peak.
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Figure 4-23, Comparison of theoretical and observed micro-
barograms for Berkeley, Cs&lifornia, following a nuclear blast
near Johnson Island, 30 October, 1962, A listing of the com-
plete input data for the synthesis is given in Fig, 3-12,

-107-

9 RN A s G I I 1

3 R SN T




R SR b i

IR Ty

B e e s ey

e AT

s &
B T s T USROS e S . O SRPRIRRER. =, oo i o AR W{?"?’ﬁ%‘ﬁ

Chapter V

AN APPROXIMATE METHOD BASED ON

CAGNIARD'S INTEGRAL TRANSFORM TECENIQUE

5.1 CAGNIARD'S METHOD

Cagniard's method is a technique utilizing mathematical proper-
ties of functions of a complex variable which allows one, under
certain circumstances, to invert Fourier transforms. The technique
dates back to Lamb's classic paper (1904) on the propagation of
elastic transients on the surface of an elastic hslfspace, but its
significance was not realized until the 1930's when Cagniard, Pekeris,
and Smirnov and Sobolov independently discovered that the technique
may be applied to a much more general type of problem and developed
the mathematical techniques in a more suitable form. The resulting
method is generally called Cagniard's method, probably because of
the fact that Cagniard's book (1939, 1962) was the first treatise
on the subject to become known by the general seismological community.

Cagniard's method is generally acknowledged to be extremely
complicated. This is due partly to the amount of algebra involved
in using the method, to the fact that it does involve some intricate
mathematical ideas, but primarily (in the authors' opinion) due to
the rigorous style with emphasis on generality in Cagniard's book.
The method was very little used until the mid 1950's when C.H. Dix
attempted to give a simpler explanation of the method and demonstrated
the fact that it leads to feasible quantitative predictions. Since
the late 1950's a large number of papers have appeared on the subject
with a wide scope of applications besides seismology.

In general terms, one may consider Cagniard's method to be
concerned with the evaluation of integrais of the form

+ & x [THe
P(x,t) = J” ....J'°° et X f»+ . e-ith(i.w) dw d"k  (5.1.1)
=00 -0 —aopie

where the number of dimensions of i may, for all practical purposes,
be restricted to 1 or 2. For certain restricted types of kernel
functions F(k,w), Cagniard's method provides a sequence of mathe-
matical manipulations which allows one to exactly transform the
above to an expression of the form

w(;at) = r f(T)I(t"T);) drt (5.1.2)
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vhere I(t - T,;) is a relatively simple (compared to (5.1.1) )
expression to evaluate. In some cases it may be single closed

;! expression, or it may involve one or two integrations with finite

R limits. This is a substantial achievement as integrals such as
(5.1.1) generally defy direct numerical integration because of the
infinite limits and the fact that the integrands are highly oscilla-

tory.

Integrals of the form of Eq. (5.1.1) arise often in studies of
wave propagation in stratified media -- particularly for waves gene-
rated by sources which are point and line sources. Thus one may
wonder as to just what types of stratification does the method apply.
As best we can tell, from an examination of cases for which the
method has been applied previously, the principal restriction on
F(k,w) is that it must be expressible as a sum of one or more terms

of the form

FE,0 = fwel*TnE,w) (5.1.3)

L’ where f(w) is a function of w, and where T and D are functions of §
and w which may each be cqnsidered (subject to some mathematical fine
points) as a function of k/w. The identification described above can
be made, in particular, for a point source in a layered stratified
medium, where each discrete layer is such that, were it extended to
infinite thickness, propagation of any plane wave pulse in the layer
would be nondispersive. This type of identification would seem
evident from various mathematical formulas given in Brekhovskikh's
treatise (1960) on waves in stratified media.

R LR Ol MYt 1 o s Wmeeri s 2o

5.2 THE APPROXIMATION OF NEGLECT OF VERTICAL ACCELERATION

B ieny:

: It is apparent that Cagniard's method cannot be applied to the
¥ propagation of acoustic-gravity waves per sé since these waves are

1 inherently dispersive. The counterpart of a homogeneous medium for
¢ such waves is an isothermal atmosphere and it was demonstrated by

’ Hines (1960) that plane waves in such a medium are dispersed. Thus,
Cagniard's method would appear inapplicable to an integral such as

g that appearing in Eq. (2.3.1).

% However, it appears that there is one rather simple approximation

: under which Eq. (2.3.1) may be put into a form which is amenable to

i Cagniard's*method. This is where one neglects the vertical acceleration
term p D we_ in Eq. (2.1.4a). Whether or not neglecting this term is

> justiffe& 18 somewhat debatable. However, its neglect leads to such
considerable simplification that one feels compelled to explore its

consequences.
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We were led to the observation described above by a paper written
by Row in 1966. Row sought to obtain the transient wave generated by
a point source in an unbounded isothermal a'mosphere with the neglect
of the effects of the ground. The theory developed led to a single
integral over angular frequency where the integrand was essentially
the Green's function determined by Pierce (1963) and by Dikii (1962)
for a harmonic point source. In order to evaluate 595 integral, Row
used the artifice of formally equating Wy = (y - 1)7""g/c and
w, = yg/(2¢), which amounts to taking Y = 2. On examination of Row's
result, we found that it could also be approximately interpreted as
arising from the neglect of vertical acceleration. It was natural
then to ask if this idea could not also be used in other situations
where the atmosphere was not isothermal. Pursuing this point led to
the discovery that Cagniard's method applied when the vertical acce-
leration is neglected.

While the approximation may seem somewhat drastic, there are
several factors involved which suggest that the physical significance
of the results may not be entirely negated and that its inherent
inadequacies may be offset by the fact that it leads to a theory
which does not necessitate using some of the approximations pecular
to the multi-mode theory described in Chapter II (such as neglect
of branch line integrals, neglect of leaky modes, and the truncation
of integrals over w).

In the first instance, the approximation of neglecting vertical
acceleration would seem to be most appropriate at lower frequencies.
Since the first major cycle in empirical waveforms normally has a
period in the range of 5 minutes, it would seem that some low-
frequency approximation might be applicable in the calculation of
the earliest portion of the wavetrain.

While the approximation does lead (as is demonstrated in
subsequent sections) to an instantaneous propagation in the vertical
direction (which is clearly wrong), we might consider this shortcoming
to he not too serious since we are concerned with propagation to large
horizontal distances. Furthermore, what calculations we have performed
for the theory outlined in Chapter II suggest that the vertical acce-~
leration near the ground at large distances are very small compared
to the longitudinal accelerations for the earliest part of the wave.
One clear cut advantage of the method is that it leads to a calculable
solution which is clearly causal -~ which is not true for the theory
embodied in the computer program INFRASONIC WAVEFORMS. This would
also suggest that we might do hetter for the earliest part of the
waveform with the Cagniard's method theory. Of course, the final
test of this would be in the comparison of results with experiment.
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5.3 FORMAL DESCRIPTION OF CAGNIARD'S METHOD FOR ACOUSTIC-GRAVITY WAVES

We consider the same problem as posed in Sec. 2.1. The only
distinction is that we replace Eq. (2.1.4a) by the two equations

Py DU, + @.VIV]) = Vyp (5.3.1a)
dp/dz = -gp (5.3.1b)

corresponding to the approximation discussed in the preceeding section.
Then, the solution of (5.3.1), (2.1.4b), and (2.1l.4c) is of the form,

for acoustic pressure p,

p= Iﬂ fE(T)G(t - T,x,y.z.zo)dr (5.3.2)

where the Green's function G represents the response to a point
impulsive source (x° - O,y° = 0).

The Fourier integral expression for G {s essentially the same
as Eq. (2.3.1), one distinction being that fE(w) is replaced by 1/2m.

Thus we have

> > r‘ie
1 1k.x S > ’iwt

—opig
where
A p_(2) |% { ¥(z,2 )
G = |—v = { ° } (5.3.4)
[po(zo)] o - Kz )] OO
with
¥(z,2)) = (2, (z) - &Y (2)]Z,(2) z, > 2 (5.3.5a)
= [7y(z)) - 8Y)(2))]2 (2) z, <z (5.3.5b)
Y= QI/c (5.3.6a)
(5.3.6b)

Z = g¢1/c - c¢2

Subscripts £ and u have heen omitted from the last two equations for
brevity. The above are essentially the same as Egs. (2.3.12), (2.3.13),
and (2.6.1). The only formal appearance of the effect of the neglect of
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vertical acceleration is in the ordinary differential equations
(residual equations) satisfied by 01 and @2. These are

Y1 1M A2l B

% (5.3.7)
B A A2l 1%
wvhere
Ay = gk?/02 - yg/2¢? (5.3.8a)
Ay =1- c2k?/q? (5.3.8b)
Ay = g2k?/0%c? (5.3.8¢)
Ayg = Ay

Note that these are the same as Eqs. (2.6.3) except that A,. does
not have the term -0?/c? present in Eq. (2.6.3c). The qua%%ities
(¢1 .¢2 ) and (01 '°2u) are particular sclutions of the above
residua equationg -="only that the first satisfy the ypper boun-
dary condition (¢,, = 0 at Z = 0) while the second set satisfies
the upper boundary (¢, and ¢2 analytic and bounded for Wy > €,

k real, and all z > 0}.

The anglysis preceding Egqs. (2.4.2) and (2.4.3) shows that we
may select G(w,k) to be such that

G(w,k)* = G(-wk,-k%) (5.3.9a)
C(w,k) = -G(-w,-K) (5.3.9b)

A third symmetry property follows from the fact that the new set of
coefficients depend on w and k only through the combination k?/92,
or alternately, only through the combination k/w. If we examine the
consequences of this we find that we may take

G = 1 D(w, k) (5.3.10)

w=-% -:/(zo)]

where

-+ -+
D(wk ,k*) = D(w,k)* (5.3.11a)
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D(- 4-k) = D(w,k) (5.3.11b)
D(uws,ak) = D{w,Kk) (5.3.11c)
for any real a.

Other velevant propertiec of D are that it is finite or else
zero as w + @ for all real k. None of its branch lines in the w
plane (when k is fixed and real) extend to infinity. One may ahow
that the only branch points are those associated with the upper
half-space and are located for real k at w = Wy and W = w, where

W, =KV 3 2¢, [iy-1) %7y (%] (5.3.12)

Thus, there are only two branch points -- both on the reai axis.
The branch line is taken as extending directly along the real axis
between the two points.

The poles of D in the w plane for real P4 may be denoted by wn(i).
Near any such pole,

D_(k)
D3 —Pe (5.3.13)
w - wn(k)

where Dn(i) is the residue. The quantity wn(ﬁ) should be of the

fornm

-> <
w (k) = k| v (8) (5.3.14)

where Ok is the direction of k. This follows from Eq. (5.3.1llc).
Also, Eq. (5.3.11b) would imply that

vn(0k+w) = ~vn(6k) (5.3.15)

The Eq. (5.3.11a) would imply that v_ is entirely real. Finally,
we can show that Dn is real, and thal it is of the form

D = [k A (8)) (5.3.16)
vhere

A(6) = A (8)* (5.3.17)

A8+ = ~A(6) (5.3.18)
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If D is D on the real axis just above the branch line and nb
is D on the real axis just below the branch line, we may show
(k real) that
> -+
Da(w,k) - Db*(m,k)
If we use polar coordinates for f. then

D.(-w,k,ek) = D, (w,k, 6, +)

follows from Eq. (5.3.11b)

With these preliminaries, we may now describe Cagniard's method
(or at least the authors' version of the method) as it applies to the
problem. For t < 0, G vanishes. For t > 0 we deform the integration
contour to enclose the entire lower halfspace in the clockwise sense.
This contour is then shrunk to enclose all poles and the branch line
(Fig. 5-1) and the residue theorem is utilized to pick up the contri-
bution from the poles., This gives us

po(2) 1B
GCs= R T [IBL + g In] (5.3.19)
[ K+ ]

vhere the branch line contribution is given by

{2‘" o, i(D - D %)
IBL - rk dk J dek eik.x 2 . iwt {;.._.E._’_:_‘__} dw (5.3.20)
0 o w, - k-v(zo)

and a particular pole contribution is given by
ikv t

2m T2 kAe n
I = 2m rk dk I o, e { < *} (5.3.21)
o o kvn - v(z°)°k

In the above we neglect the pole associated with the zero of w - §°;(zo).
The integral along the branch line is interpreted as a principal value.

As for the branch line contribution, we let w = vk and change the
w variable of integration to one over v. Then we perform the k inte-
gration first. Doing this gives

2n v i(hb -~ D %) A \o
I, = J a6, J 2 v {-——%—-—;—‘-—} r elk[R cos(B-A)-vt] o (5.3.22)
o vy v - ek'v(zo) o
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where

S -c.v ¥ -1)%

) V1,2 " GVt 2¢_[ (y-1) “/v] (5.3.232)
-+ -+ -
e - (cos Bk)ex + (sin Gk)ey (5.3.23b)
It should be noted that \] and v, are functions of ek. Also, D 1s a
function of v and Gk. a

b o O e

The pole contributions may similarly be expressed as

A ik[R cos(e-Gk)-v t]
re T ok dk  (5.3.264)
(o]

2% "
I =27 I do =
n o k [vn - ;(zo)-ek]

Here R is the net horizontal distance from the source.
Next, we may show, using various properties described above, that

the contribution to the integrand in either (5.3.22) or (5.3.24) from
Gk + 7 is just the complex conjugate of that from ek. Thus we set

PORs L U anC - s

G4m/2 v, i(D8 - D %) ik[R cos(e-ek)-vt]
I, =2 Re de dv 4 e k dk
BL o-nf2 K Uy v - erv(z ) do
1 k o
(5.3.25)
o4m/2 A ik(R cos(e-ﬁk)-v t]
I = 4TRe J a8, S r e "k dk
0-1/2 [vn - v(z°)°ek] o

At this point we introduce some minor approximations which would
not be approximations at all were there no winds., We formally replace

eikve , os (kvt)

in Eq. (5.3.25). The justification for this is that (D_ - D _¥*)/v is
even in the absence of winds. Also, for the pole contributign. the
terms I can be paired (I ,I_ )} in the absence of winds where v = v ,
The resldues A_ would haveé the property that A = A__ and thus ™ we
might 1nterpre¥ the quantity An/vn as being even in H, and consequently
ve might let

-ikv t

n

g (An/vn)e -+ n§0 Z(An/vn) cos kvnt
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These ideas lead to the expressions

84m/2 v, 1(D‘ - D.*) ikR cos(e—ak)
I, = 2Re I dé I dv ——— r e cos (kvt) k dk
- 9-m/2 v, v - ek'v(zo)
o+m/2 An fﬁ ikR cos(6-6, )
I +I_ = 87 Re J dé e cos (kv t) k dk
n n 9-m/2 k v, - ;(zo)':k] n

Another approximation we introduce in the same spirit is to set 6, = 6
in the argument of v,, v 99 s V., and A . This is justified in
the absence of winds and wbuid séem Po be apBroptiate with winds
included since the integrand contribution is heaviest near Gk = g,
With this approximation we have

i(p_~ D %)
I, = rz dv [ a2 :‘ M(R,vt)
v -0

v - ek°v(zo) 8

1
f A
I +1_ =4n 2 M(R,V_t)
[ vealls w6

k

where

v

M(R,vt) = 2 Re J Iw eikR sin ecos (kvt) k dk do
o

o
)

I” o1KR sin esin (kvt) dk dé} (5.3.26)
o’o

= v-l(d/dt){2 Re I

The indicated integral can be shown to be

ul ”»l} -
] 2 Re I fm (LKR 8InB o ey dk do = —22i(VE 3% (5.3.27)
o’o [(vt)? - R?)

vhere U is the Heaviside step function.

Finally, we combine the results above and obtain

P=p g * ¥ P (5.3.28)

~118~




e ks .4
R
i
{
¥

CRMLE LS o

SR

R PN I £ 0 B S
e RN - -~ T PRERTMERTEG G R

L e o s R B

where
a2 Do(z) %'{VZ 1 {1(D8-Da*)} {[t-R/lvl f'E(T) dt }dv
BL oo(zo) vy vl v - zk';(z )y’0 o0 (v3(t-1)? - Rzl;i
°
(5.3.29a)
1
p (z) |* A t-R/v £' (1) dt
oo nlv - v(zo)-ek 0 /- [v:(t-‘r)2 - R?]

In the above expression, v_ is considered as being positive and the
sum over n is over only those "modes” having positive phase velocities.

The physical interpretation of the above solution is that the total
waveform is the sum of a "lateral wave" (the branch line integral) plus
a sum of guided mode waveforms. Each guided mode is nondispersive and
has a speed v The shapes of various guided mode waveforms are similar.

The relative simplicity of the results must be emphasized. The T
integration is over finite limits and should be easily performed on a
digital computer. The only lengthy problem would be that of finding
the A and A for the guided modes. However, this could be done with
only a sligh@ modification to the existing program INFRASONIC WAVEFORMS,
The lateral wave might be more difficult to evaluate (since it involves
two integrations) but we would expect its contribution to be small for
most cases of interest. We should also point out that there is no
apparent restriction on the atmospheric profiles for which the above
theory might be applied.

5.4 THE ISOTHERMAL ATMOSPHERE AS AN EXAMPLE OF THIS METHOD

The only example which we have explored in any depth using the
method of the previous section is that where the ambient atmosphere
is isothermal. 1In this event the function D appearing in Eq. (5.3.10)
is given by

in|z-z | ip|z+z |
D = -i{Me °" 4+ Ne °} (5.4.1)
where
g [A
M= e {%; * iu} (5.4.2a)
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(i - ¢~ (w - wl)?)
N o= B A__ B = [u + u,/e] (5.4.2b)

0 o =l,2 2
[~i4 - ¢ (wA wB)

m;k’ wy :

The plus sign in {5.4.2a) corresvonds to z > z, while the minus sign
corresponds to z > z . The quantity u has®a branch line between
-(w_fuw)clk| and (W 7wA)c|k[. Its phase is between 0 and T in the
upper half of the w plane,

Theonly poles are at w= * cIkI and lie on the real axis to the
left and right of the branch line. The residue at the positive pole
1slk|A1 wvhere

=(L = v/2) (g/e®) [z + 2|
Al = pg(1 - y¥/2)e (5.4.3)

Thus, from Eqs. (5.3.28) and (5.3.29), we have

P = Pp + 1Y (5.4.4)
wvhere
bpo(z) ek (wB/wA)c t-R/v f'E(T) dt
bype = -4 e f 0 { I - ; - %} dv (5.4.5a)
: o %0’} o - [vi(t - T)° - R°)°
. -1
XONE -1 - ¥/2) (g/cH) |z + 2|
py = -8 PRCR) (g/c) (L - y/2)e
oo
t-R/c f'E(T) dr
X ( ;5 (5.4.51")
0 [c?{t - T)* - R?)
Here
~ik' -z | -iKk|z + z |
Q = (2/v¥)Re {Hb ° 4+ Ne ° } (5.4.6)
where
M= - R ((v/2Xe/c?) T 1K) (5.4.7a)
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N - -(g/zx){ X4 $§§;§§§;} (K + (/2)g/c?]  (5.4.Th)

R = gl(y - DIV - (v/2)/e2 Ve (5.4.7¢)

In the event the presence of the ground is neglected, there is no
guided wave P, and the term with N does not appear in (5.4.6).

We have carried out a modest amount of calculations using the
above formulas, taking f_(t) to be a delta function. The quantity
Py then, for t > Rfc, has a t and R dependence given by

P1 = ct 5.4.8
1 [c2t? - R2]3/2 ( )

and thus falls off as 1/t? at large t. The direct wave is oscillatory
in general. The nature of the oscillation can be described if we let
v = R/t and examine the factor exp[-iK|z - z°|]. Thus

L3 {amplitude} cos {g|z - z°|[(Y - 1)t?/R? - (Y/Z)c"zl;5 + phase factor}
(5.4.9)

Pp
The angular frequency as a function of time is then
glz - z°|(Y - 1)t/R?

el(y - DE/R? - (y/2)c 2]

(5.4.10)

=>4
tH

which 1s large at early times and which asymptotically (large t and
fixed R) approaches

Iz - zol t
w =-§——R——- (y - 1) (5.4.11)

which is essentially the sam. =2s Row's wc. The difference is that
the R above is horizontal distance rather than total slant path
distance. As long as lz - zOI/R << 1, our result agrees with Row's.
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Chapter VI

THE SINGLE MODE THEORY

6.1 INTRODUCTION

The calculations presented in Chanter IV and by previous
authors (Scorer, Pekeris, harkrider, etc.) suggest that the
earliest portion of the waveform (say, the first three cycles)
received at large distances may be considered as associated
with a single composite mede. This point of view has, in par-
ticular, been espoused with considerable eloquence by Garrett
and by Bretherton in some very recent napers on the subject,

We find this point of view to be appealing by virtue of the

fact that it may lead to a satisfactory method for taking

into account some effects which are neglected in the formulation
of the multi-mode theorv presented in Chapter II., Such effects
would include far field nonlinear effects, departures of the
atmosphere from perfect stratification, attenuation by viscosity
and therral conduction, and large scale irregularities in the
earth's terrain.

Another virtue of a single-mode theory would be its inherent
simplicity. The computational procedure represented by INFRA-
SONIC WAVEFORMS, regardless of how good one regards the theory
on which it is based, is sufficiently complicated that its
consequences can only be explored by numerical experiment. The
large number of possible parameters which must be specified in
order to construct a single waveform make it very difficult to
draw any succinct simple cause and effect relationships between
any one of these parameters (for example, yield) and particular
features of the waveform. This would probably be a minor
handicap from a practical standpoint, given the existence of
the computer program, if we possessed a reasonable knowledge of
the atmosphere's state at the time the explosion took place.

In practice, however, this is not the case, as the atmosphere
is always imperfectly known at any given time, The usual ex-
perimental situation is where a number of waveforms are re-
corded at various points and where a limited knowledpge of the
explosion and of the atmosphere is possessed. The typical
analysis problem would be to use this data and whatever else

is known to determine a refined description of the atmosphere
and/or the explosion. Borrowing a term from exploration geo-
physics, this might be designated the inverse problem o, infra-
sonic wave propagation. In principle, given an adequate theory
and a numerical procedure for synthesizing waveforms, we can
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solve this inverse problem (or at least find a possible range

of solutions and a most probable solution) by trial and error
in repetitive calculations with systematic variation of input
parameters. Obviously, this could be a very expensive and time-
consuming process, Thus, a strong case can be made for an
attempt to find a simple model where the number of input para-
meters is greatly reduced.

Insofar as the theory embodied in INFRASONIC WAVEFORMS is
concerned, the possibility of using it to solve the inverse
problem is severe'y limited by the fact that it is restricted
to perfectly stratified atmospheres. The data showing ampli-
tude variations with observer location exhibited by Wexler
and Hass following the largest Soviet explosion strongly sug-
gest that departures from stratification are of considerable
significance, On the other hand, the present theory is already
so complicated that it appears prohibitively difficult to extend
it to include departures from stratification. A possibility
would be a tradeoff - altering the theory to take the non-
stratification into account at the expense of the accuracy which
might be expected were the atmosphere perfectly stratified.

In this respect, the single mode theory might represent a very
convenient compromise.,

6.2 LAMB'S MOLE

In 1910, Horace Lamb demonstrated that a single guided mode
exists for the isothermal atmosphere with no winds. In retro-
spect, the existence of this mode is very curious as the normal
criterion for ducting in conventional (gravity neglected)
acoustics would seemingly preclude its existence,

The formulas for Lamb's mode are trivially extended to
include constant horizontal wind. For convenience of reference,
we summarize the result here., The acougtic pressure p, density
p, horizontal fluid velocity deviation u, and vertical fluid velo-

city w are given by

2
p = o B2/C Fxyt) (6.2.1a)
2
o = c2e7B2/C PRy t) (6.2.1b)
- 2
T . omnElc TG0 /0 (2) (6.2.1c)
we=0 (6.2.1d)
-124-




pe— -

o peanoswwesyes,

v ek i S

. B c = S
wvhere T and E satisfy 5
[3/3t + v+9, 10 = -V, F (6.2.2a)
[3/3t + VeV, IF + c29,+0 = 0 (6.2.2b)
or
[3/3t + VeV, 1%F ~ c?V2F = 0 (6.2.3)

which is the two dimensiogal wave equation for nondispersive pro-
pagation, In the above, x., is horizontal displacement and Y, is
the horizontal conponent og the gradient, iote that c and v (hori-
zontal wind) are considered constant in the above.

The plane wave solution of (6.2,3) is

i kex]
F= Foe- wt - x

where w and k satisfy the dispersion relation
(w - kov)? = c2k?

->
Since this gives k/w as being independent of frequency, the pro-
pagation is nondispersive.

The relative simplicity of Egs. (6.2.2) and (6.2.3) must be
emphasized. Although the disturbance is in a three dimensional
space, these equations only involve two spatial coordinates.
Furthermore, the coefficients in these equations are constant =-
a substantial simplification for propagation in an inhomogeneous
medium,

It would appear that, if a single-mode theory of infrasonic
propagation were to be developed, the mode selected should be
that which, for more realistic atmospheres, is the counterpart of
Lamb's mode for an isothermal atmosphere. This follows since the
principal disturbance contributing to the waveform observed at
ground level is one which moves very nearly with the ground speed,
which is only slightly dispersive, and which has very little ver-
tical movement (as contrasted with horizontal movement) associated
with it, CGarrett and Bretherton have succeeded in finding this
mode for a stratified atmosphere which is nearly iscthermal and
which has nearly constant winds, We give a modified derivation
(with slightly different results) below:
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The residual equations, (2.3.8), for disturbances of given i
and W may be rewritten in the form

d .
4 4 a1y o 4=l

where ¢ may be taken as

: - 1/2
: o = o2V @0t 22) (6.2.5)
: Since Y = 0 at the ground altitude z_, we may place these in the
- form of coupled integral equations a
F4
Z=¢ '[F+ !¢ Sle dz} (6.2,6a)
z
8
] z
% Y = ¢f ¢-18212 dz (6.2.6b)
z
8

where F i independent of 2z, To the above we add, as a restriction
on w and k, the guided condition that Yo '20as z+ o, i,e,

o
I ¢"sllz dz = 0 (6.2.7)
Z

&

By successive iteration starting with Y = 0 in Eq. (6.2.6a) we
find that these have the formal solution

- ~1
Z® ¢ {14 LyoLoy + LyoloiLygloy + Lyghoglyolyilyglyy + oot IF
(6.2.8a)
Y = ¢[L21 + Lyjlyoloy + L21L12L21L12L21 4+ ... ]F (6.2,8b)
(g1 ¥ Laalagbar * orlaotortaobor * oot dome = O (6.2.8¢)

where le and L2l are operators, defined such that for any function
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Q(z) appearing to their right

z
L), J ) 5,50 dz (6.2.%a) §
2 g
g 3
T :
= “2 K
2 4
& ;
The subscript (z==) in Eq. (6.2.8c) implies that the upper limit i

of the last integration is «,

The lowest order approximation to the dispersion relation
would be [Lu]°° = 0 or

f ¢ 2[(k*/Q%) - "2 dz =0 (6.2.10)
Z

24

To further approximate this, we expand :

2 2 2
L = .___k__:_;___ -~ E—- 1+ 2]:’ ('\; - -\:.,)/QL] (6.2.11)
0% (w - kev)? 9{ -
where
>
SlL = - k°vL

and where v, is any representative wind speed. We consider v
indgpendent of z._ Since we have some latitude in the definit&on

of vy we def qe VL such that

o

I ¢~2(3 - ;L) dz = 0
z

g

or
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¢~V dz

-
: vy " (6.2,12)
j¢'zdz
Then, substituting (6.2.11) into (6.2.10), we find
2,02 o 2
k /QL lch (6.2,13)
where
1 ¢-2c-2 dz
== (6.2.14)
‘L I¢'2 dz

In what follows we refer to ; as the average wind velocity and to

c, as the average sound speed ‘for the Lamb mode.

One should note that nq. (6.2.13) is exactly the same disper-
sion relation as was obtained for Lamb's mode in an isothermal
atmosphere with constant winds,

From Eqsy (6,2.8a,b), keeping just the first order terms in
c? - ctand v - Vi and using (6.2,13), ve find

L

7 = o1 2 _ 2 2T

Z=¢ '[1+ (nL wBL)(A + B k/QL)]F (6.2.15a)
Y = o[C + E-E/QL]F (6.2.15b)

vwhere A, 3, c, 3 are functions of z, given by

2 2
E A= f¢2c dz (6.2.16a)
Z
g
; Z
B = f¢23 dz (6.2.16b)
Z
8
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z
C= ch'z (e = ¢ *)dz (6.2.16¢)
z
g
z
D= <z/c§>f $2E - V) dz (6.2.16d)
z
)
We have also defined the average Brunt's frequency War for the
Lamb mode by the relation
2 2 (vellol2/e2
wy = (y=1)g%/ef (6.2.17)

If we examine the next hignest order correction(which is second
order in ¢ -~ ¢? and v - v,) to the dispersion relation (6.2.8¢),
we find, after some algebra and the use of the definitions of v
and Cps that

[kzlﬂi - CZZ]J o 2 dz + (3c;29;2)f o2 ke (3-27L)]2 dz
2

z
8 3

o0
- @2 - ng)I ¢2[C + E-K/QLJZ dz = 0 (6.2.18)

2z
8

This 1is essentially the same as the dispersion relation derived by
Garrett, It should be noted that the presence of the last term
makes the mode dispersive, The integral shculd be convergent
since C(®) and D(*) are both zero.

To the same order of approximation, we may write the dispersion
relation for a wave traveling with wave normal in the direction
of k in the form

= - L2 _ 2
w k(cL + Vi + akk) k(k kBL)hkk (6,2,19)
where
> 2
Vi T VLte (6.2.20a)
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J [V - V)8, 1% dz

A " [3/(2cL)}- (6.2.20b)
f¢’2 dz
kgL = wgL/er (6.2.20¢)
f $7[C + Dog, /e, 1? da
(6.2.204)

hkk = (l/2)cL , -
[¢ 2 a2

Here Z is the unit vector in the direction of i. One should note
that a,, and hkk may each be considered as the Cartesian components

of a t%%sor.
If we had a hypothetical pulse propagating in the e direction,
such that all frequency components can be considered askbeing plane

(or line) waves ( in the horizontal plane) with the same wave
nunber direction e, , this pulse could be represented as a Fourier

integral in the form

v(t,s) = 2 ReJa(k)e-i(wt - ks) g (6.2.21)
0

where s = Z_'; is distance in the direction of X and w is con-
sidered as a function of k. Then, if w(k) is given by (6.2.19),
it must follow that the wave variable ) satisfies the equation

/At + (e, + vy, + a,130/3s + hkk(32/352 + kﬁL)(aw/as) = 0
(6.2,22)

which may be recognized as an equation wiich in many other con-
texts is generally called the linearized Korteweg-de Vries

eguation.

6.3 FAR FIELD NONLINLAR EFFECTIS

In this section we generalize the linearized Korteweg-de Vries
equation governing pulse propagation in the Lamb mode to include
accumulative nonlinear effects, We assume at the outset that such
effects are weak and that their primary effect is to distort the
waveform. In this respect, we consider that the only apgreciable
nonlinear effect is represented by the fact that cy, and Ve should
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Lbe the height averaged sound speed and wina velocity, given the
fact that the ambient medium is altered by the presence of the
vave uisturbance., Thus we replace

c ciL (6.3.1a)
ML .
ik > Vi (6.3.1b)

in the dominant terms (zeroth order in 3 - ; and ¢? - ¢2) in
(6.2.22). L L

To determine CEL we set
Y(p, + P)

"W (6.3.2)

[

in Eq. (6.2.14) such that, to the first order,

sl

(CNL)-Z -
f¢'2 dz

L

+

|
[l A L

The fact that ¢ «lso depends on ¢ is not important as it leads to
nonlinear terms of first order in c? - c? which are considered
small, %o obtain the lowest order nonlinear correction, we may

approximate

LFL'B‘ L G-Dp ~1 -1 Uy-l
c? \Po p 2 Py ’

o c Y c? Y 0

using Eqs. (2.3.4a3), (6.2.5), (6.2.15a) and varicus relatiors
appropriate to the case when the atmosphere is isothermal, Using
some additional aoproximations, we find

NL ,
¢ = cL{l + [y - 1)/(2y)]vp(zg)/pokzg)} (6.3.3)

where
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[p, /2y (21 /Y = D) 4

z
v = ;& (6.3.4)
[ [p, @)/ (21T = D) 4y
z
g
In a similar manner, we compute
[ @+ W)ee 7 dz ] [p/cp J¢72 dz
z z
v& = -gr P o~ v],k + —8;
I ¢ 2 dz I b 2 ds
“g g
= v ey Ve ) /e ()] (6.3.5)

where v is the same as in Eq. (6.3.4).

With Eqs. (6.3.3) and (6.3.5), the modified pulse propagation
equation (6.2.22) becomes

/ot + {cL tv, ta,tell+ 1)/2Y]V[P(zg)/po(zg)]}3¢/89

+ hkk(az/as2 + k§L>(aw/as) =0 (6.3.6)

This equation will be nonlinear, since p(z ) is a function of y,
regardless of what we choose V¥ to represen@. [For example, we
could take ¥ to be p(z ).] The above equation is generally re-
ferred to as the Korteﬁgg;de Vries equation.

6.4 DISSIPATION EFFECTS

We next consider the modification to Eq. (6.3.6), i.e., the
Rorteweg~-de Vries equation, due to the dissipation caused by
viscosity and thermal conduction in the atmosphere, Specifically,
we derive an extra term which represents the correction due to
the effects of these phenomena. In carrying through the deri-
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vation. we neglect nonlinear effects - with the assumption that
terms which are both nonlinear and which involve viscosity and
thermal conduction are of negligible influence on the waveform,

[ i S e e s o UMY iy

There are essentially two broad types of dissipation which
may be considered -~ bulk dissipation and wall dissipation. The
former is the dissipation which occurs when any wave propagates
in an unbounded medium, while wall dissipation is-thet which
occurs due to the presence of thé ground. The former takes
place primarily at high altitudes because of the decrease of
enbient deusity with height, while the latter takes place close
to the ground in a thin boundary layer. A priori, we assume
that bulk dissipation is the more important and we accordingly
neglect wall dissipation. We have not, however, investigated
this quantitatively as yet, and we plan to do so in later
studies, In what follows we proceed on the assumption of negli-
gible wall dissipation.

T
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The general procedure we adopt is to first write out the

i equations of hydrodynamics with viscosity and thermal .conduction
- included and then derive the linearized first order equations

for acoustic perturbations to an ambient state. This ambient
state is taken to be height stratified and time independent as
described in Sec. 2-1. The source term 1is neglected at the
outset, since we are here concerned with propagation at distances
' somewhat removed from the source location.

Tt R b s

The modified equations then become

: o[, U+ UeV] = ~Tp - gpe + (30 j/axi)'éj (6.4.1a)
>
Do + V-gpou) =0 (6.4.1b)
(D.p + Us¥p ) = c2(D_p = us¥p ) = D (6.4.1¢)
t o t o E °Te
where
” e 2
°1j = nlaui/ij + Bujlaxi - (2/3)6ijV u] + cGijV u (6.4.2a)

D = 2n(y - 1) (3v/3z)+ [3u/dz + Vu,] + (ch)"V°{'<V[(Yp - czp)/oo]}
(6.4.2b)

llere n is the dynamic viscosity, § is the bulk viscosity, c_ is
the specifie heat per unit mass at constant volume and Kk is the
thermal conductivity. The above result neglects fluctuations in
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Cyr Ny &y and K due to the presence of the disturbance, The
remaining symbols hiave the same meaning as used in Chapter 2,

1f we next consider a planar disturbance 9f fixed angular
frequency w and fixed horizontal wave number k, such that

~fwt ik°x

p = p(z)e (6.4.3)

with analogous relations for density p, vertical fluid velocity
W, etc., and impose the condition €#(z) = 0 at z = 2 , we find,
after a lengthy analysis, that &

4
~y@/p MY - I Y = Dicgn « ct?/a2ip - Q) dz (6.4.4)
Z
where
Q = (2/22){(3/32) [n(1k2@ + 3[E+21/31)]
- [(4/3)n + ;]k‘i&t + 17k%9w/d2}
+ DGy - 1) (3v/32)+[30/32 + 1k0)

+ (ve)) 7 (/32) [k (3/32) (¥ - c*B)/p }]
= (ve) ki (vp - ¢*B)/p )} (6.4.5)

~
A priori, we expect Q to be small., Thus it would seem appro-
priate to neglect all quantities in this expression which are
known to be small for the unattenuated Lamb mode. In particular,
we neglect all terms involving &, Also, since we expect

lr <<ke

we neglect all terms involving 83/3:. In addition, it would appear
to be sufficient to take the plane wave relations

p = p/c? : t-ﬁ - Qﬁlpo

and thus to express Q entirely in terms of f. Thus we obtain

Q= /2 {3/ @lo ) /32] - [(4/3n + LIkap/ )
+ [y = 1)/ (0c )1{3/3z(kd/32(B/p )] - k*p/p }
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- Next, since n and K are relatively slowly varying with height, and
3 i ! 1s also slowly varying, and since, in the Lamb sode,

e ~
w=(B/p ) = [(y - Dg/c*)B/p,

é we can further approximate the above by
Q = [{c2/QHIty - Dc*In - [(4/3)n + glk2)

+ [y = /@ DHIy - 1)?*s?/e*] - K*}xiflo,
(6.4.6)

If we desire a dispersion relation for the Lamb mode which
) includes dissipationi/ve may obtain one by simply taking the

guided condition @p '’ + 0 as z + ©, From Eq. (6.4.4) we would
°

have

. [t st - cuesmtig - @) e = 0 (6.4.7)
0

. Then, to obtain a lowest order dispersion relation, we simply set
! = QL and teke

PRV

z
-£ (g/c?) dz

$(z) = (D) (L/c?)e (6.4.8)

as is appropriate to the Lamb mode in lowest order. Here D is
any constant, In this manner, we obtain

1- cszlni = -1zud(k=- kg)/nL (6.4,9)
where
[teter3 n + 51 + oy = Dxre Y6727 as

]¢-z dz

J(Y - D¥@*/e®)n + (v - x/e Jo %0 ' dz
, (6.4.,10b)

I{cz[(4/3)n + 7]+ (y - l)K/cv}¢.20;l dz

1 1)

2
kd
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and where .
-(2 - y)g(g/c*) dez

¢ 2= (1/c®)e (6.4,11)
is the same as used previously.
Then to first order in ud we find
- ek o 2 _ 2
QL cLL iud(k kd) (6.4.12)

which corresponds to the wave equation

1 2
.?r‘: + (c + Vm;)%% - ud[-z—-;- + k:) y=0 (6.4.13)
8

This should be compared with Eq. (6.3.6). It should be noted that
the temm

az
8

represents the presence of dissipation, Thus we have a correction
tern to add to that equation, The general relation would be

%t-’ + {(CL t v tag telly+ 1)/2Y]\’P(0)/p°(0)}3!,'1/38

+ by, (3%/9s% + kgL)(awas) - ud(a*/ae;2 + kg)p =0 (6.4.14)

1k @

In analogy with the usual nomenclature, we might term this the
Korteweg~de Vries-Burgers' equation for propagation in the Lamb

mode,

The presence of the temm k? 1s an interesting byproduct of
the height stratification of the Lamb mode. Formally, it repre-
sents a negative damping and arises from the fact that there is
a coatinuous transfer of energy from high altitudes to low
altitudes (or conversely, depending on the wave's phase) due to
the fact that the amplitudes of u and p/p increase with altitude,
In order for the wave to maintain the stritification associated
with the Lamb mode, one must assume that this enexgy is con—
tinuously being extracted from the ambient medium, This k?
term is important only for very low frequency propagation and
would seem to imply that the mode is weakly unstable at
sufficiently low frequencies,
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A 3 We cannot ascertain whether this is a real instability or

: i merely a fiction of our mathematical technique., However, in any
i : event, the growth of the instability, if it did exist, would be

3 of such a slow rate that it probably would not be possible to de-
tect it in practice,

6.5 HORIZONTAL RAY PATHS

The discussion up to now has assumed the ambient atmosphere
: , to be independent of horizontal coordinates x and y. If this is
: ' not so, we expect that much of the preceding can be salvaged if
9 ? the variation with these coordinates is sufficiently slow. The
3 . propagation at leng distances would still locally appear as pro~
1 i pagation of planar waves_(almost constant airection for the
horizontal wave numbers k), %hus we nmight assume the energy (or
whatever we might associate with thé wave) propagates along hori-
zontal ray paths,

6
Let us consider a particular characteristic feature of the

g . waveform which is received at some time T{x) at locations having
N a position x on the ground. (The vector x has only x and y con-

E ; ponents.) A line of constaut T(x) may be termed a wavefront.

‘ Iu the absonce of dispersion, uissipatioun, ana gonlinear effects
- , {all of vhich we assume to be small) this wavefront moves out
/ ! from the source with a speedt ¢, (the height-averaged speed) vhen
viewed by someone moving with Ehe local height-averaged wind
velocity vy Thus if someone woved with speecd

-

) x _ > > .

he would always be op a wavefront (assuming he was initially on
a wavefront), ilere ek is tlie unit outward pointing normal to the

wavefront

e, = V1/|vr| (6.5.2)

Since, for small dt, one must have
T(X) + dt = T(x + [dx/dt]dt)

fron the identification of d;/dt as wavefront velocity, it follows
that

Yredx/dt = 1
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Vrefe Ve/|Ve| + ¥} = 1

This gives us the following partial differential equation for T
(the eikonal equation)

."2
(1 -Vt VL)

(V1)? = (6.5.3)
‘L
or, if we abbreviate
k=Wt (6.5.4)
we have
k2 = (- ko¥)¥/el (6.5.5).

-
Since k has the units of invarse velocity, we refer to it as the
wave slowness vector.

We next cousider just how this parameter k would vari with

time when viewed by someone moving with the speed c e + v..
Lk L
We note that
> -»>
dic dx , ol . *> 20,
T [-d-t? V]k {(cLek + VL) vive
2
eVt
- e §eV(VT) + Y VD)
1 - Vrey

L

where we have used Eqs. (6.5.2) and (6.5.3)., Let us note that
. 29t 3%t o+ 1
[VteV]VT 5-,;; -5;“-5;‘-8- eB 3

(1 - Vrev,)?
- JE?) - %V{ L ?
2
CL J

(vt} 226

;"w
pos]
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” - 3 ch - VIVT‘VL]
‘L L
Thus;
> 3>
> 1 - kev,)
dk L .-) <> . -
e e VcL - V(k VL) + \ vk
1 - k) .
= - cy VcL - kquLa - vLalak,u/axg - Bkslaﬁm]ee

The last term vanishes since Vxﬁ = 0, Using an identity from vec-
tor analysis, we then obtain

-+ a Ko )
dk L 2T - Tx(Txy
d_t- - - .—_.E].:—_— VcL - (k V)VL - Lx(vaL) {6.5.6)

The above relation plus the Eq. (6.5.1), which we rewrite as

> %

dx L >
e A e enredl 2B / (6.5(7)
5 % L

gives us two coupled vecgor equations (or four coupled scalar
gguatigns) wiich, given v, and ¢, as functions of x, and, given

k and x at some time t _, eénable us to determine g ray trajectory
x(t), k(t), as a function of time t. The curve x(t) represents
what we might term a horizontal ray path in the x,y plane. There
are, in actuality, a family of such paths, We distinguish various
members of the family by a parameter 6 (whosg¢ precise definition
is deferred to later) and accordingly write k(t,8) and x(t,6).

The basic assumption we make here is that propagation along
a horizontal ray path is such that the dispersion, nonlinear dis-
tortion, and dissipation of the pulse is governed by only the state
of the atmosphere immediately above the path. Thus we set the
acoustic variables as being of the form

p = P(s,0,2)Y(s,t,0) (6.5.8a)
u = U(s,0,2)¥(s, t,0) (6.5.8b)
p= Q(S.e.z)‘ll(S.t,e) (6.5.8¢)
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where s is a parameter characterizing distance along the path
(although not precisely equal to distance) and where  satisfies
the partial differential equation (6.4.14) (i.e,, the Korteweg-de
Vries~Burgers equation) with the coefficients being considered as
functions of 8 and 0,

A defiﬁition of s may be obtained from the fact that an in-
crement ds represents a distance in the direction of e5. Thus,

if one follows a horizontal ray path with the speed given by (6.5.7)
one should have s changing at the rate

>
ds _ 3 dx
at - %k‘de " oLt Vi
Thus, 1if df is the increment of distance along the path, we have
ds .t 4t
de > -+
lege + vl lef + 2¢pvy

It would appear that, in the usual case where vi << ci, it would
be adequate to take ds/df = 1,

(60509)
+ Vi]i72

The remaiging question we need consider is how the amplitude
quantities P, U, and Q vary with height z and with the paraneter s,
It would appear that the former variation should be that appropriate
in the lowest order for the Lamb mode, at the appropriate point on
the ground. 7Thus we might take

P = pi/YA(s,B) (6.5.10a)
U= [Pi"ylool{-‘:(s,ﬁ)/(l - 3Lo1*<)}A(s,e) (6.5.10b)
0 = 2/¥/e21A(s,0) (6.5.10c)

where the ambient pressure and density are considered as functionms
of z, s, and 6, The quantity k(s,0) is the wave slowness vector
computed for the point in question from the ray traging equations.
One should note that we have assumed the ratios of U, P, and Q to
be always appropriate for a planar wave propagating in the Lamb
mode. This would seem to be adequate at moderate distances from
the source,

The s variation of the remaining factor A(s,g), is determined

from the geometrical acoustics law recently espoused by Bretherton
and Garrett that a wave propagating in clowly varying inhomogeneous
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moving media should propagate such as to conserve wave acticn, in
the absence of nonlinear effects and dissipation. By wave action,
one means simply the wave energy divided by the frequency of the
wave, as would be seen by someone moving with the fluid. If
dispersion is small this law simply means that

~ + 3L)<E>
VH. _-g-—-—-—_-b ry = () (6 . 5.. 11)
l- k°vL

where v_ is the group velocity and ¥ is the energy density (per
unit arfs of earth surface) in the wave as would be computed for
a homogeneous medium by someone moving with the local wind speed.
The brackets imply a time average. ieglecting dispersion, we have

> 2 _T2 T
v8 [cL/(l k vL)]k (6.5.12)

L= J{ (1/2)%'62 + (1/2)p2/[p°c2]} dz (6.5.13)
z
4

with the neglect of the very small kinetic energy of vertical mo-
tion associated with the Lamb mc. 2 and with the neglect of the
correspondingly small change in gravitational potential energy.
Here z_ is the height of the earth's surface. Since, in the
absencB of nonlinear terms and dissipation, ¥ is just a constant
times cos [wt - ks + X] where X is a constant phase for constant
frequency waves and since the remaining factors are independent of
time, it would appear that <E> may be taken proportional to

[+
s ¥ a2 1o2/Y 2
<E> = A I [po /(pocL)] dz
A
g

®

o A2a"2 2/y .
Z
14

Thus we have
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If we nov integrate this relation over a narrow segment of a ray
tube bounded by two adjacent rays and apply Gauss' theorem, we ob-
tain (after some algebra)

«©
4 2/y 2.3 2 %,
i3 [ [0, Y/ ) dz| WP/} (e, + v )3 (=0  (6.5.15)
zg
where J ts the Jacobian

ERE

in the event the earth's surface is considered flat.

J = (605016)

Ve may also extend the above analysis to take into account
earth curvature by simply replacing J by

J = r_ sin(r/r)|[(3r/3s) (3¢/38) ~ (3r/38) (3¢/3s)1|
(6.5.17)

where r is great circle distance from the source, r 1is the radius
of the earth, and ¢ is the azimuth angle location of the observer,
taking the source as being on the axis.

Once J is determined as a function of s for fixed 6, we may
regard Eq. (6.5.15) as an ordinary differential equation; the
quantity in braces should be a constant along the ray path and,
fcllowing a terminology used in sonic boom studies, may be termed
the Blokhintzev invariant for the propagation. Note that z_ could
be a function of x and y, Thus the formalism also takes info
account the possibility of gradual variations in ground elevation,

6,6 EXCITATION OF LAMB'S MODE

In order to solve the various approximate equations derived
in the previous section, some initial conditions are required.
The various equations we have derived allow us to: (1) determine
the horizontal ray paths given an initial point on the path; (2)
determine the amplitude factor A(s,8) given its value at the start
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£ of the path; and (3) determine the waveform funution y(s,0,t) given

\ its s dependence at some initial time, In the present section we

' seek to determine these various initial conditions for waves launched
by a low altitude nuclear explosion.

Let the explosion be on the z axis such that x = 0, y = 0 at

: the source. Since all waves must originate from the source, it
o is clear that all horizontal ray paths should ensue from the point
. (0,0). The initial path direction could be any angle between

: 0 and 2n. We accordingly choose the angle 8 to be the initial

' direction of k, reckoned countgrclockwise with respeact ot the

x axis. The initial value of k for any given path is then found
from Eq. (6.5.5) to be given by :

; -

! n () )

‘ ¥(0,6) = 22— (6.6.1)
‘L + vL’“o(e)

where n (6) is that unit vector making ap angle-of § with the x
axis. fThe appropriate values of and v, should be those cor-
responding to the source location, The r&maining initial condi-
tion is

%(0,8) » 0 (6.6.2)

for all 6. Thus, the horizontal ray paths are completely determined
with the integration of Eqs. (6.5.6) and (6.5.7).

The initial conditions on A(s,8) and y(s,0,t) are obtained
with reference to the intermediate field solution for a point
source in a temperature- and wind-stratified atmosphere. Since
the viewpoint adopted in the present chapter is that the only
principal effect of the temperature variation and wind profile
variations with altitude is to cause the Lamb mode to be dis-
persed and since the dispersion does not have appreciable effect
until relatively large distances, it would appear sufficient to
calculate the intermediate field on the supposition that the
atmosphere is isothermal and has constant winds. In this event,
the Eqs. (2.1.4) reduce to

D2 + W) (p/Vp ) = c*VE(DZ + w)) (p/Vp ) ~ <*D}(3%/32%) (p/Vp)

= (4mc?/Vp D, [D2 - g(@/32) ) [£ (0)6(x - T )] (6.6.3)
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with the boundary condition
dp/dz + (g/c*)p = © at z=0 (6.6.4)

To isolate tlie Lamb mode, we write the overpressure as
P= pi/Y(z)F(x.y.t) +y (6.6.5)

where the first term represents the contribution from the Lamb
mode and § represents any remaining contribution. An orthogonality
condition is readily derived which guarantees that

[&pi/y/oo dz = 0 (6.6.6)
z
g

Thus we find the function F satisfies

(D§ + w?;) (Dz - c2V§)F =

| wnet 62 Vip gm, 02 - s0RDEL G - T a2
J

8
2/y
f (' T/p,) de
%
or
(n§ - czvﬁ)r = 41Tc2QDt[fE(t)6(x - x )8y = y )] (6.6.7)
where
1/y
(z)/p (2)
0= p: o__9° © (6.6.8)
[ 2ro ez
z

8
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To simplify tn< analysis, we assume that the source is
drifting horizontal y with the wind speed. In a coordinate
system moving with the source, the solution of (6.6.7) is readily
found to be

t~R/c

f'(T) dr

F = 2Qc
[e2(t - 1) - r}}Y/2

(6.6.9)

where R is the net horizontal distance from the source., The only
distinction for the fixed coordinate system is that we replace R
by R* where

(R%)2 = (x - vt)? (6.6.10)

Since the excited pulse is o¢f relatively short duration, we
may consider the dominant contribution in the integration to come

from values of T near where c¢(t - 1) ~ R. In this event, Eq. (6.6.9)

simplifies to

t-R/c .
£1.(1) dt
F = (2¢/0) J : 17z = @emt e - we)
[(c = 1) - R/c]
=00 (6.6.11)
where
t
() -————7—f"3(T) i (6.6.12)
G t = L .12
(t - T]l 2

is similar to the Whitham F-function utilized in the theory of
sonic boon propagation.,

The function G(t) can be evaluated with recourse to Eq. (2.1.5b).

We find that
o(t) = il 21 (2 /o 01 (e /e )1V 2 p e Puern,)

where

~145-




.y

PR e o vt A

T, = [c(O)/c(zo)][Po(o)/Po(“o)lllsyéésts

X
M(X) = [ Q- e dx - 5172 ag uex)
0

X .
= {X+ Q- 21:)e"x Je" dy} u(X) (6.6,13)
0

The various symbols used above have the same meaning as in Chapter 2.

If the source time duration T, is sufficiently short or if the
winds are gufficiently weak, such that at moderate distances R, one

has R >> lelTy, then it would appear sufficient to take

R* = cLs/(cL + va) (6.6.14)
where s is the distance parameter defined by Eq. (6.5.9).

Since, with the above approximation, the only t dependence is
the function M, it would appear that we can choose

w(:,s,e)t_o - :-i(-~s/[(cL + va)TY]) (6.6.15)

where the range of s is formally considered as encompassing negative
as well as positive values,

The remaining quantity of interest, the amplitude factor A,
is given by Eq. (6.5.15) -s

B 2
J (cL + va)I
vhere J is the Jacobian and I is the integral
«©
I = J [p:/Y/po] dz (6.6.17)
z

8
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The constant B is a quantity which we may obtain with detailed com~
parison with the intermediate range solution. Since, for small s,
we can show that

8c

L
J = e (6.6.18)
°L ¥ Vi
we identify
" o1/2
. e, + v, )
. KT L~ Vi’ { v (6.6.19)
B ;_ I1/2 3/2 po(zo)/po(zo)
% x=0, y=0
; where
, K= VI L2 (e 2 1e@/ez )1 2 tn G o M2
o (6.6.20)
- Thus, in summary, we have the acoustic pressure given by
p = KEZDGIDE ) NG /NG ) 1u(e,s,0) 452 (6.6.21)
where
1/2
; p /p
(k) = 22 (6.6.22a)
) 2Y 1/2
f lp, /o ] dz
Z
g
A = oM (e + v )1 (6.6.22b)

The quantity K is given by Eq. (6.6.20) while the Jacobian J is
gi'vin by Lq. (6.5.16) or Eq. (6.5.17). The quantity Y satisties
the Eq. (6.4.14), with the initial condition (6.6.15).
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6.7 SOLUTION OF THE LINEARIZED KORTEWEG-DE VRIES EQUATION

The determination of the waveform profile y(t,s,0) is probably
the chief computational obstacle to the procedure outlined ir the
preceding sections. llere we outline the methed of solution in the
neglect of nonlinear and dissipation terns., This may be an ade~
quate approximation for all cases of interest, although one can-
not say this with certainty until he has some quantitative esti-
mates of the effects of the neglected terms,

With the neglect of dissipation and nonlinear terms the Eq.
(6.4.14) becomes

9Y/3t + c 3/3s + D3p/3s® = 0 (6.7.1)
vwhere
Cg = otV ta,+ hkkk§L (6.7.2a)
D=h., (6.7.2b)
or, to the same approximation,
3Y/3t + ¢ /38 - (D/c})3*y/3t? = 0 (6.7.3)

To put this in a form appropriate to the case where ¢ and D
are slowly varying functions of s, we consider Yy to be a function

of parameters t and s, where

8 3
t=t -~ [(llcc) ds (6.7.4a)
0
8
0

such that Eq. (6.7.3) becomes

% - ééq! =0 (6~705)
s ot’
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If ¢ 1s specified when 8 = 0 as w (t), then the solution to
Eq. (6.7.5) may be found, after some 8nalysis, to be given by

"E -t
‘p(;:?) = 1 i/3 J M{ 1[3]¢ (t ) dt (6.7.6)
/r (3 (3 a) (3 ) j

where Ai(x) is the Airy function defined by
<
Ai(x) = — [ cos(v?/3 + xv) dv (6.7.7)

In terms of s and t we have

-
t +1. ~-¢
(s, t) = —3 Ju[ °__¢ ]w (t) dt (6.7.8)
T o o o
v _—
0
where T, and T, are functions of s given by
8
T, - [ (1/c,) ds (6.7.92)
0
8 1/3
- 4
U SI(D/ce) ds (6.7,9b)
0

For the problem of interest, we find from reasoning similar
to that which leads to Eq. (6.6.15), that

Y (e) = M(e /Ty

where the function M is as given by (6.6.13)., Thus
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e 1 { to + Tc -t
¥(s,0,t) r = | Al T M(t /Ty) dt
1 Tc -t TY
- Al + |4 =—|M@) 4 (6.7.10)
T I [ ™o TD] "
0

with a change of integration variable and recognition of the fact
that M= 0 for 4 < O,

It is of some interest to examine Eq. (6.7.10) in the limit
of small yields as it is not immediately apparent that the well-
known law of yield-amplitude proportionality holds for the single
mode model. The correct behavior in this limit is somewhat subtle
since the function M(u) is not integrable. With reference to Eq.
(6.6.13), we write

u
M) = I[f(i)/(u - 5)1/2] dg (6.7.11)
0
where
£E) = (1 - §)e™ (6.7.12)
Then Eq. (6.7.10) becomes
T,/T T -t Ty
Y D c U -
Y= duldg A1 +u-—-f(£)-$L—5-H—
v~ [ [ ) TD] u - E)l 2
0 O
T /T T -t T
YD Y 1
- £(E) |AL|—E— & y — du df
/r J I { B 'n} w-?
0 §

In the integral over i we set | = £ = (az)(tD/TY) and obtain
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1/2
Z(TYITD) Tc -t TY
Y & m———— ()4 |Al + E— ¢ a®| daf dE (6.7.11)
Vr ] [ [ B p

We next expand the integrand in a power series in TY/tD. Since

O—— 8

the first non-zero term is

3/2 o ©
2(T,/1,) T -t
T p— Jf(E)EdF. IM'[ z ¢+ a’] do
w 0 . D
or
v = @)Y e - 1)) (6.7.13)
where PP(x) is a function defined by
PP(x) = Iu'(az - x) da (6.7.14)
0

'1 zAccotding to Eq. (6.6.12), the overpressure varies with yi’ig
as Y / . However, the above !?gws that { varies with yield as T, .
But varies with yield as Y,,~., Thus the amplitude is directly pro-
portional to yield and the wa5z£orm shape is iddependent of yield in
the limit of small yields. The limit applies, strictly speaking, when
T./T, << 1 and is accordingly more appropriate at larger distances and
for gropagation with strong dispersion (large D).

6.8 SUIMARY

Although the results are reasonably simple the derivation of
the single mode theory given in the present chapter is somewhat
intricate. It would therefore seem appropriate to pause here and
sunnarize the various results scattered throughout the cuapter
fron an operational point of view.
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The basic assumption is that the earliest portion of the
wave which arrives with transit speeds of the order of the sound
speed at the ground may be interpreted as being caused by a single
guided wode, which is the real atmosphere's counterpart of Lamb's
guided mode for the isothermal atmosphere. The dispersion of this
node is small; but important, However, this dispersion is ne-
glected in determining the ground projected ray paths along which
the mode travels,

The determination of these grouund projected paths is the same
as for two dimensional acoustics in a medium having sound speed ¢
(L for Lamb) and wind velocity v,, Both ¢, and v, are in general
functions of position on the earth's surfake and kre averages over
height z of the sound speea and wind velocity profiles. The
manner in which these averages should be taker turns out to be

I [pilylpo] dz
2
of = gk (6.8.1)
I {pilyllpoczl} dz
4
g
J ;[pilylpol ds
Z
'\FL - B (6.8.2)

[pﬁlylpol dz

N —

g

where p_and p_ are ambient pressure and density, y is the specific
heat ratio, and zg is the ground level.

The rays all start out on a point on the ground directly below
the source and are distinguished from each other by a parameter ©
which ranges from 0 o 2w. A given ray may be charactgrized by
giving the position x,(s,0) and wave slowness vector k(s,0) as
functions of s, where 8 is a function of distance along the path
(which is the same as distance in the limit of no winds).

Along or above a given path the acoustic pressure p is given by
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p = K 2GDGE ) NG NG D1uce,8,0)/5Y7 (6.8.3)
where
| K= V212 (et )Y e /et )1 2Mp (2 ) 10, 12
3 (6.8.4a)
3
Y, .1/2
p/P
| D(X) = (6.8.4b)
- 1/2
a [f 02/ /p.] aﬂ
\ z
8
MG = e e + w1 (6.8.4c)
Ls = 1 kilometer (6.8.4d)
P = 1.61 x 34.45 x 10° dynes/cm® (6.8.4e)
t, = 0.48 sec, (6.8.4f)
J = r, sin(r/re)[arlas)(3¢!88) - (3r/99) (9¢/9s)] (6.8.4g)
r = great circle distance from source (6.8.4h)
¢ = azimuth angle of observer location (6.8.41)
v, 3L-t/|t| (6.8.43)

The quantity y(t,s,0) satisfies a partial differential equation
known as the Korteweg-de Vries-Burgers' equaticn

/3t + e + Rloy/as + D3 3y/os® - ud[az/as2 + k31¢ =0 (6.8.5)

where
- 2
c, = + ik + L + hkkkBL {6.8.6a)
B=c [(y+ 1)/(2Y)]VP(28)/90(28) (6,8.6b)
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D= hkk (6.8.6c)

The remaining quantities » h&h’ Vv, ud, E , and ﬁBL are defined
in Eqs. (6.2.20), (6.3.4) and $5.4.55}.

In the derivation of'Eq. (6.8.5), it was assumed that the terms

with coefficients 8, D, and ug were all relatively small, It was

algso assumed that all the coeificients were slowly varying Thue
to the same order of approximation, one may set 3/9s = -¢ 13/5t
in the higher order texrms and obtain the alternate form

/s + ¢ ‘awac - (Blcz) /3t - (n/c“)a’wa:’

- (uD/c;) (3%/9t2 + c"’kz)w =0 (6.8.7)
Either of the forms (6.8.5) or (6.8.7) may be used,

1f one chooses to use Eq. (6.8.7), then Y(s,6,t) must be
specified when s = O, The clioice prescribed by the analysis is

¥(0,8,t) = M(t/Ty) (6.8.8)

where

"|

O“‘—s*

M(x) = {Vx + (1 -~ 2x)e " A dy} U(x) (6.8.9a)

= {lez ) e(z))p, (2) /7, (2, 11/ 3y1/3, (6.8.9b)

KT "s source

Vle succeeded in solving the initial value problem when
g = My ™ 0 and found

- Ty/Ty
%
0

Tc -t TY
TD TD

where
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8
T, = I(l/ce) ds (6.8.11a)
0
s ' 1/3
T, = 3[ (D/c;) ds (6.8.11b)
0

Furthermore, in the limit of small yields, we find

v = @V gl (e - T /ity (6.8.12)
where
PP(x) = IAi'(a2 - x) do (6.8.13)
0

which demonstrates yield-amplitude proportionality.

In conclusion, the authors state that this approach appears
extremely promising. An initial test of the theory will be to
see how well its predictions agree with the computations performed
using INFRASONIC WAVEFORMS for stratified atmospheres, If this
works out, then we may expect to have a number of interesting
areas to explore. One hope is that we may be able to explain data
such as presented by Wexler and Hass in detail,
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Appendix A

BIBLIOGRAPHY ON INFRASONIC WAVES

; The following bibliography is a compendium of pspers and
books which have come to the attention of the authors as having

i some relation (either direct or indirect) to the long range
propagation of mechanical radiation through the atmosphere.
While no claims are made as to its completeness, it is the most
comprehensive and up-to-dste bibliography specifically restricted
to this topic of which the authors are currently aware.

For ease of referral, the subject matter has been broken
down into a number of categories as follows:

1. Books on acoustics, wave propagation, hydrodynamics and
mathematical physics

2. Meteorology, including data on atmospheric structure

3. Theoretical papers on acoustic-gravity waves and gravity
waves in the atmosphere

4. Theoretical papers on higher frequency atmospheric waves

5. Observations of infrasonic waves in the lower atmosphere

6. Observations of infrasonic waves in the ionosphere

7. Data concerning the properties of nuclear explosions

8. Related papers on the mathematical theory of wave propa-
gation, and on mathematical techniques useful in wave pro-
pagation

] 9. Nonlinear effects on wave propagation, including shock waves

10. Instrumentation

11. Data analyesis techniques

The classification scheme is not mutually exclusive, although
we have generally classified each reference under only one
heading.

This bibliography is an updated and expanded version of one
given previously in 1967 by Pierce and Moo. Since we hope at
some later date to issue, in turn, a revised version of the
present bibliography, we request that readers notify the authors
of any neglected papers, errors, etc.
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A.1 BOOKS ON ACOUSTICS, WAVE PROPAGATION, HYDRODYNAMICS, AND
MATHEMATICAL PHYSICS

E Abramowitz, M. and I.A. Stegun, Handbook of Mathematical Func-
: tions, with Formulas, Graphs, and Mathematical Tables
(Dover, New York, 1965).

Albers, V.M., Underwater Acoustics Handbook (Penn, Saate Univ.
Press, 1965).

Bjerknes, V., J. Bjerknes, H. Solberg, and T. Bergeron, Physic-
alische Hydrodynamik (Springer-Verlag, Berlin, 1933).

Boillat, ?., The Propagation of Sound (Gauthier-Villars, Paris,
1965).

Brekhovskikh, L.M., Waves in Layered Media (Academic Press, New
York, 1960).

Bremmer, H., Terrestrial Radio Waves (Elsevier, New York, 1949).

Bremmer, H. Propagation of Electromagretic Waves, in Handbuch der
Physik (S. Flugge and C. Truesdale Eds.) Vol XVI (Springer-
Verlag, Berlin, 1958), pp. 423-639.

Cagniard, L., Reflection and Refraction of Progressive Seismic
Waves [Translated and revised by E.A. Flinn and C.H. Dix],
(McGraw Hill, New York, 1962).

Chernov, L.A., Wave Propagation in a Random Medium (Dover, New
York, 1967).

Cole, R.N., Underwater Explosions (Dover, New York, 1965).

Coulson, C.A., Waves (Interscience, New York, 1952).

Courant, R. and K.O. Friedrichs, Supersonic Flow and Shock Waves
(Interscience, New York, 1948).

Courant, R. and D. Hilbert, Methods of Mathematical Physics, Vol.
I (1953); Vol. II (1962) (Interscience, New York, 1953 and
1962).

Eckart, C., Hydrodynamics of Oceans and Atmospheres (Pergamon
Press, New York 1960).

Ewing, M., W. Jardetzky, and F. Press, Elastic Waves in Layered
Media (McGraw-Hill, New York, 1957).

Forsythe, G.E., and W.R. Wasow, Finite-Difference Methods for
Partial Differential Equations (Wiley, New York, 1960).

Friedlander, F.G., Sound Pulses. (Cambridge Univ. Press, 1958).

Havelock, T.H., The Propagation of Disturbances in Dispersive
Media (Cambridge Univ. Press, 1914).

Jeffrey, A. and T. Taniuti, Non-Linear Wave Propagation with
Applications to Physics and Magnetohydrodynamics. (Academic
Press, New York, 1965).

Karpman, B.I., Nonlinear Waves in Dispersive Media (Novospirsk
State University, 1968).

Katznellenbaum, B.I., Theory of Irregular Waveguides with Slowly
Varying Parameters (Academy of Sciences of the USSR, Moscow,
1951).

Kline, M. and I. Kay, Electromagnetic Theory and Geometrical
Optics (Interscience, New York, 1964).

Landau, L.D. and E.M., Lifshitz, Fluid Mechanics (Addison-Wesley,
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Reading, Mass., 1959).

Lamb, H., Rydrodynamics (Dover, New York, 1945).

: Lamb, H., The Dynamical Theory of Sound (Dover, New York, 1960).

; Lighthill, M.J., Introduction to Fourier Analysis and Generalized
Functions (Cambridge Univ. Press, 1958).

Lindsay, R.B., Mechanical Radiation (McGraw-Hill, New York, 1960).

Mathews, J. and R.L. Walker, Mathematical Methods of Physics
(Benjamin, New York, 1965).

Morse, P.M. and U. Ingard, Linear Acoustic Theory, in Handbuch
der Physik (S. Flugge and C. Truesdale, EDS.,) Vol. XI/1
(Springer-Verlag, Berlin, 1961), pp.1-128.

Morse, P.M. and U. Ingard, Theoretical Acoustics (McGraw-Hill,

! New York, 1968).

: Morse, P.M. and H. Feshbach, Methods of Theoretical Physics,Vols.

) I and II (McGraw-Hill, New York, 1954).

Officer, C.B., Introduction to the Theory of Sound Transmission
with Application to the Ocean (McGraw-Hill, New York, 1958).

Pearson, J.M., A Theory of Waves (Allyn and Bacon, Boston, 1966).

Rayleigh, J.W.S., Theory of Sound, Yols. I and II (Dover, New
York, 1945).

Scorer, R., Natural Aerodynamics (Pergamon Press, New York, 1958).

Serrin, J., Mathematical Principles of Classical Fluid Mechanics,
in Handbuch der Physik (S. Flugge and C. Truesdale, EDS.)
Vol. VIII/1, Fluid Dynamics I (Springer-Verlag, Berlin,
1959), pp. 125-263.

Sneddon, 1.N., Elements of Partial Differential Equations (Mc-
Graw-Hill, New York, 1957).

Stix, T.H., The Theory of Plasma Waves (McGraw-Hill, New York,
1962).

Stoker, J.J., Water Waves., (Interscience, New York, 1957).

Tolstoy, I., and C.S. Clay, Ocean Acoustics (McGraw-Hill, New
York, 1966).

Wescott, J.W., and S.S. Kushner, Propagation of Sound in Air, A
Bibliography with Abstracts (University of Michigan, Ann
Arbor, 1965).

Yih, C.S., Dynamics of Nonhomogeneous Fluids (Mchillan, New York,
1965).

Zeldovich, Y.B. and Y.P. Raizer, Physics of Shock Waves and High-
Temperature Hydrodynamic Phenomena, 2nd Edition, W.D. Hayes
and R.F. Probstein, Eds. (Academic Press, New York, 1967).
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A.2 METEOROLOGY, INCLUDING DATA ON ATMOSPHERIC STRUCTURE

Batten, E.S., Wind Systems in the Mesosphere and Lower Ionosphere,
J. of Meteor., 18, 283-291 (1961).

Berry, F.A., Jr., E. Bollay, and N.R. Beers, Handbook of Meteor-
ology (McGraw~Hill, New York, 1945).

Brunt, D.; Physical and Dynamic Meteorology (Cambridge Univ. Press
1952

Byers, H.R., The Thunderstorm (U.S. Dept. of Commerce, Waahington,
June, 1949).

Chapman, J.H., A Study of Winds in the Ionosphere by Radio
Methods, Canad. J. Phys. 31, 120-131 (1953).

CIRA, 1965, COSPAR International Reference Atmosphere (North
Holland Publishing Co., Amsterdam, 1965).

Cole, A.E. and A.J. Kantor, Air Force Interim Supplemental
Atmospheres to 90 Kilometers, Air Force Cambridge Research
Laboratories, Report AFCRL-63-936 (December, 1963).

Crary, A.P., Stratospheric Winds and Temperatures in Low Latitudes
from Acoustical Propagation Studies, J. Meteor. 9, 93-109
(1952).

Crary,A.P. and V.C. 3ushnell, Determination of High-Altitude
Winds and Temperatures in the Rocky Mountain Area by
Acoustic Soundings, J. Meteor. 12, 463-471 (1955).

Fedele, D. and A. Zanela, Atmospheric Structurc Between 30 and
120 km, in Winds and Turbulence, K. Rawer, Ed., pp. 1~33
(1963).

Fraser, G.J., Seasonal Variation of Southern Hemisphere Mid-
Latitude Winds at Altitudes of 70-100 km., J. Atmos. Terrest.
Phys. 30, 707~720 (1968).

Goodwin, G.L., Fourier Analysis and Interpretation of D- and E-
Region Winds, J. Atmos. Terrest. Phys. 30, 995-1018 (1968).

Hauritz, B., Dvnamic Meteorology (McGraw~Hill, New York 1941).

Hines, C.0., I. Paghis, T.R. Hartz, and J.A. Fejer, Physics of
the Earth's Upper Atmosphere (Prentice-Hall, New York, 1965).

Ivanova, M.A., Distribution of Sound Velocities in the North
Atlantic during Autumn and Spring, Akad. Nauk SSSR, Morskoi
Gidrufizicheskii Inst. Tudy 28, 23-31 (1963).

Kantor, A.J. and A.E. Cole, Zonal and Meridional Winds to 102
Kilometers, J. Geophys. Res. 69, 5131-5140 (1964).

Keegan, T.J., Winds and Circulations in the Mesosphere, J. Amer,
Rocket Soc. 31, 1060-1066 (1961).

Kochanski, A., Circulation and Temperatures at 70-100 Kilometer
Height, J. Geophys. Res. 68, 213 (1963).

MacDonald, G.J.F., Circulation and Tides in the High Atmosphere,
Planet. Space Sci. 10, 79-87 (1963).

Malone, T.F. (ed.), Compendium of Meteorology (American Meteor-
ological Society, Boston, 1951).
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Miers, B.T. Zonal Wind Reversal between 30 and 80 km over the
Southwestern United States, J. Atmos. Sci. 20, 87-93 (1963).

Mitra, S.K., The Upper Atmosphere (Asiatic Society, Calcutta,
1952).

Murgatroyd, R.J., Winds and Temperatures between 20 km and 100
km-- a Review, Quart. J. Roy. Meteor. Soc. 83, 417-458
(1957).

Rawer, K. (ed.), Winds and Turbulence in Stratosphere, Mesosphere,
and Ionosphere (Wiley, New York, 1968).

Richardson, J. and W.B. Kennedy, Atmospheric Winds and Tempera-

, tures to 50 km as Determined by Acoustical Propagation
Studies, J. Acoust. Soc. Amer. 24, 731-741 (1952).

Riehl, H., Introduction to the Atmosphere (McGraw-Hill, New York,
1965).

Rosenberg, N.W., Statistical Analysis of Ionospheric Winds, J.
Atmos. Terrest. Phys. 30, 907-918 (1968).

Valley, S.L. (ed.), Handbook of Geophysics and Space Environments
(Air Force Cambridge Research Laboratories, 1965).

Webb, W.L., Structure of the Stratosphere and Mesosphere (Academ-
ic Press, New York, 1966).

Wekb, W.L. and K.R, Jenkins, Sonic Structure of the Mesosvhere, J.
Acoust. Soc. Amer. 34, 193-211 (1962).

Williamson, L.E., The Subpolar Atmospheric Acoustic Structure in
the Autumn, J. Geophys. Res. 68, 6267-6272 (1963).

Williamson, L.E., Seasonal and Regional Characteristics of
Acoustic Atmospheres, J. Geophys. Res. 70, 249-255 (1965).

Woodrum, A. and C.G. Justus, Measurement of the Magnitude of the
Irregular Winds in the Altitude Region near 100 Kilometers,
J. Geophys. Res. 73, 7535-7537 (1968).

Yamamoto, R., Fall Reversal of the Lower- and Middle-Stratosphere
Circulations in the Northern Hemisphere, Special Contrib.
Geophys. Inst. Kyoto Univ. (Japan) No. 7, pp. 45-56 (Dec.,
1967).

Zimmerman, S.P., Small-Scale Wind Structure above 100 km, J.
Geophys, Res. 69, 784-785 (1964).
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A.3 THEORETICAL PAPERS ON ACOUSTIC~GRAVITY WAVES AND GRAVITY
WAVES IN THE ATMOSPHERE

Afashagov, M.S., On the Internal Waves in the Inhomogeneous
Atmosphere, Izv., Acad. Sci. USSR, Atmos. Oceanic Physics
Sec. (USA) 5, No. 5 (1969).

Balachandran, N.K., Acoustic-Gravity Wave Propagation in a Temp-
erature-Wind-Stratified Atmosphere, J. Atmos. Sci. 25,
818-826 (1968).

Balachandran, N.K. and W.L. Donn, Uispersion of Acoustic-Gravity
Waves in the Atmosphere, in Acoustic~Gravity Waves in the
Atmosphere (U.S. Government Printing Office, 1968), pp.
179-193.

Berkofsky, L., Internal Gravity-Vorticity Lee Waves over Moun-'
tains, J. Geophys. Res. 65, 3693-3698 (1960).

Biot, M.A., General Fluid-Displacement Equations for Acoustic-
Gravity Waves, Phys. of Fluids 6, 621-626 (1963).

Biot, M.A., Acoustic-Gravity Waves as a Particular Case of the
Theory of Elasticity under Initial Stress, Phys. of Fluids
6, 778-780 (1963).

Biot, M.A.,, Variational Principles for Acoustic~-Cravity Yaves, Thys.
of Tluids 6, 772~778 (1963).

Bird, G.A., The Propagation of Acoustic Waves Through the Solar
Chromosphere, Astrophys. J. 140, 288-291 (1964).

Blumen, W. and R.C. Hendl, On the Role of Joule Heating as a
Source of Gravity-Wave Energy above 100 km, J. Atmos. Sci.
26, 219-217 (1969).

Booker, J.R. and F.P. Bretherton, Critical Layer for Internal
Cravity Waves in a Shear Flow, J. Fluid Mech. 27, 513-539
(1967).

Bretherton, F.P., Momentum Transport by Gravity Waves, Quart. J.
Poy. Meteor. Soc. 95, 213-243 (1969).

Bretherton, F.P., The Propagation of Groups of Internal Waves in
a Shear Flow, Quart. J. Roy. Met. Soc. 92, 466-480 (1966).

Bretherton, F.P., Lamb Waves in a Nearly Isothermal Atmosphere,
Quart. J. Roy. Meteor. Soc. 95, 754-757 (1969).

Bretherton, F.P., On the Mean Motion Induced by Internal Gravity
Waves, J. Fluid Mech. 36, 785-803 (1969).

Brunt, D., The Period of Simple Vertical Oscillations in the
Atmosphere, Quart. J. Roy. Met. Soc. 53, 30-31 (1927).

Chimonas, G., The Launching of Low Frequency Traveling Distur-
bances by Auroral Currents, in Acoustic-Gravity Waves in
the Atmosphere (U.S. Government Printing Office, 1968),
pp. 101-105.

Claerbout, J.F., Electromagnetic Effects of Atmospheric Gravity
Waves, in Acoustic-Gravity Waves in the Atmosphere (U.S.
Government Printing Office, 1968) pp. 135-155.

Claerbout, J.F., Electromagnetic Effects of Atmospheric Gravity
Waves, Ph.D. Thesis, M.I.T., 1967, AD-661650.
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PROGRAM TN SYNTHESTZE PRFSSURE WAVEFORMS OF AZOUSTIC
GRAVITY WAVES GFNERATED BY NUCLEAR EXPLOSIONS IN THE
ATMISPHERE .

SERRR K (1313 L e

~ec=ARSTRACTec~=

TITLE - MAIN PROGRAM
GENFRAL PURPOSE PRNGRAM FDR STUDYING THE PROPAGATION NF NUCLEAR
FXPLASTON GENFRATED ACOUSTIC GRAVITY WAVFS IN THF ATMNSPHERE,

THE ATMOSPHERF 1S APPROXIMATEC BY A MULTILAYER ATMOSPHERE
WITH CONSTANT WIND VELOCITY AND TEMPFRATURE IN EACH LAYER
THE NUMBER OF LAYFRS, WIDTHS OF LAVERSes AND PROPERTIES OF
LAYERS MAY BE SELECTED BY THF USER, THE GROUND AT 2s0 1S
ASSUMED FLAT AND RIGID, THE UPPERMNST _AYER NF THE
ATMOSPHERE IS ASSUMFD TO BE UNAOUNDED FenM ABCVF,

THE SOURCF IS SPECIFIED AY ITS HEIGHY NF RURST AND ENERGY
YIELD, 1T IS APPROXIMAYED AS A PNINT ENERGY SNURCE WITH
TIME DEPENDENCE CONFORMING YO CURE ROOT (HYDRODYNAMIC)
SCALING DERIVED FROM THE EFFECTS OF NUCLEAR WEAPONS

(3o Se GOVERNMENT PRINTING COFFICE. 19620,

THE OASERVER LOCATION MAY BE SPECIFIED ARARITRARILY.
HOWFVER ¢ THE COMPUTATION INCLUOES ONLY CONTRIBUTIONS FROM
FILLY OUCTED GUIDED MODES AND ACCORDINGLY GIVES A SOLUYTIO
VALTD (AT BEST) ONLY AT LARGE HORIZONTAL DISTANCES.

ALSOe YHE PROGRAMMING IS BASED ON THE PREMISE FMAT ONLY
PORTIONS OF MODES WITH PHASE VELOCIYIES GREATER THAN THE
MAXIMUM WIND SPEED ARE YO BE INCLUDFD INTO THE COMPUTATIO
THE PRNGRAM CANNOT THEREFORF BE APPLIED TO THE STUDY nF
CRITICAL LAYER EFFFCTS,

LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515~4)

AUTHORS = ALD,PIERCE AND JoPOSEY, MoloTo, JUNE,1968
S TLY (] -

ALL DATA 1S INPUT IN THE NAMELIST FORMAT. FACH SEQUENCE OF DATA

MUST INCLUNE A NAML GROUP AT THE BEGINNING.

TADIANANDNTIADNAONNAODIDNAAAOANIAAINAOTINANATINANONTIANINAN

ENAM] NS *‘RT= , NPRNTs , NPNCH= GEND .
THE REMAINDFR OF THE DATA TO RE SUPPLIED DEPENDS ON THE VALUE
OF NSTART,
SSEENSTARTa ] *ene
CENAM2 LANGLE® o SMAX=Z o« T2 o 4 yaee VKNTX=2 o 4 4409 ETCo &E
CENAMA THETK= » V= , V2= o OMl= , ETC, LE
CENAMSE ISCRCF= 4, 70MSs= SEND
CONAMA YIFLO= GEND
CGNAMLO TFIRST= , TEND= o+ DELYT®> , RORS= , [OPT= GEND
C
[ SERENSTARY s2%&%
CENAM3I IMAYX= v CI2 o seee VXIZ 4 ¢ sees ETCe GEND
CENAMG THETKs ¢« Viz 4, V22 , OMl= , £CT, EFND
CENAMS ISCRCEx o I0BS= LEND
CENAMS YI1ELD= LEND
CENAMEO TFIRSY= o TENDs , DELYT= , ROAS= o+ I0PT= GEND
[«
¢ SSRENSTART =308
ANAMY IMAX= e CI=z o veee VXI= 4 4 sees ETCs GEND
CANAMS 15CRCE= o 20R8Ss EFND
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MAIN
MATN
KAIN
MAIN
MAEN
MA TN
MAIN
MATN
NAIN
MATN
MAIN
MAIN
MAIN
MAIN
ll[u
MAIN
MAEN
MAIN
wALN
MALN
HATN
MAIN
MATN
MATN
MAIN
MATN
MAIN
MAIN
NAIN
MAIN
MAIN
WAIN
MAIN
MAIN
MAIN
MAIN
MATH
MAIN
MALN
MAIN
MATN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MATN
MAIN
MAIN
MALN
MAIN
MAIN
MATN
MAIN
MAIN
PAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HALN
NAIN
MAIN
MAIN
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grores

3
3

CLNAMA

N . YIELN= L END N
CENaNLO TEIOST® , TEND= 4 DELTTs  RORSs , 1NPT= CEND
c
€ SREANSTAR T4t San !
CENANT OMMIDE o o eeee YPMOD® o  sese MDFNO=  ETC,
CANANS YIELD= EEND .
CENANLO TFIRST= , TENDs , DELTTs , ROBSe , [0PT= SEND
c
¢ SERENSTARTaSasns
CENAMG MOFNNE 4 KST® 4  se0e KFINS o o9 OMNOD= , , ETC,
CENAWIO  TFIRSY= , TEND= , DELTT= , ROBS=: , 10PT» CEND
[ o4
(4 *BSNSTARTChtoAS
CINO ADDIVIONAL DATA 1S NEEDFD, COMPUTATION TERMINATES.)

‘!ﬁﬁﬁﬂnx‘-ﬂﬁﬂﬁﬁﬁﬁﬂﬂﬂﬁﬂﬁﬁﬁﬂﬁﬁﬁﬂﬁﬂﬁﬂ‘lﬂﬁﬁﬁﬂﬂﬁﬂ‘?ﬂﬂﬁﬂﬂﬁﬁh“"}:"ﬂﬂ“ﬁ

FOR A COMPLETE LISY OF VARTABLES THAT ARE INCLUDED IN A GIVEN
NAMFL IST GROUP, SEE NAMELIST STATEMENTS IN PROGRAM, NOTE THAT
DATA INPUT AY READ(S,NAM1), READ{SoNAM2), EVC.o NEED NOT INCLUOE
VALUES OF ALL VARTABLES IN THE CORRESPONDING NAMELIST GROUP, ONE
NEED OWLY TNPUY THOSE VALURS NEEDED FOR THE CALCULATION AND WHICH
ARF NOT ALREADY IN STORAGE.

DAYA ASSOCIAYED WITH NAM3, NAMS, NAMT, AND NAMS SHOULD IN GENERAL
NAT RE SUPPL IED ARBITRARILY, BUT MAY SE OBTAINED FROM PREVIOUS
RUNS OF THE PROGRAM. IF NSTART=1l, NPNCHel, DATA CARDS FOR HAM3,
NAMS, NAMTe AND NAM9 ARE AUTOMATICALLY PUNCHEDs IF NSTART=2,
NPNCH=1, DATA CARDS FOR NAMS, NAMT, AND NAM9 ARE PUNCHED, IF
NSTART=3, NPNCH=1, DATA CARDS FOR NAMT AND NAMG ARE PUNCHED, IF
NSTART =4, NPNCH=1, DATA CARDS FOR NAM9 ARE PUNCHED.

THE NEXT RATCH OF DATA AFTER NAMLO SHOULD OE NAMl, THF LAST OATA
CARD SHNULD BE NAHML WITH NSTART=6,

—==~EXTERNAL SUBROUTINES REQUIRED=~=-

SURRNUT INE TYPE CALLED 8Y

AGAA Sun ELINT o MMNM, NAPPDE, NMOFN

AT sus TNPT

ALLMSD suR MAIN

AMBNT sus PAMPDE

ATMOS SUR MAIN

AX1S1 Sun TMPT  {MuToTe CALCOMP ROUTINE)
L)} sus ELINT

CAl FUNC BARB . MNMK

oxov1 sus THPT  (MeleTe CALCOMP ROUTINE)
ELINT sus TOTINY

ENDPLT sus TMPT (N,1.Te CALCOMP ROUTINE)
FNMOD1 FINC MODETR (EXTERNAL FOR ARG, OF RTMI)
FNMOD2 FUNC MOOETR (EXTERNAL FOR ARG, OF RYMI)
LNGTHN sus TABLE

MMMM + SUM NA¥PDE o RRRR

MODETR b {L] ALLMOD

MONLST SUR MAIN

uPOUT sus TABLE

NAMPDE SUR PAMPDE

NEWPLY sun TMPT  (MeloTe CALCOMP ROUTINE)
NMOFN sus FNMOD1, FNMOD2,LNGTHN,MPOUT M IDEN
NUMBR1 sus TMPT  (MoloTe CALCOMP ROUTINE}
NXMODE Ul ALLMOD

NXPNT SUR MONETR

PAMPOE Sus MAIN

PHASE Sus SCURCE

pLOTY SUB TNPT  (MeleTs CALCOMP ROUTINE)
PPAMP sun MAIN

PRATMO sus KAIN

RARR sun NMDFN

RTMI sus MODETR (18K SCIENTIFIC SUBROUTINE)
SAt FUNC ABBA  MMMN

SCLGPH SUn TMPT  (M,1,T. CALCOMP ROUTINE)
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MATH
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MAIN
MATN
NAIN
MNAIN
MAIN
MAIN
NAIN
MAIN
MAIN
NATRN
MAIN
MAIN
NATN
HAIN
MAIN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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MALN
MAIN
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SOURTE
SuseCy
SYMALS
TANLE
TARPRT
TMPY
TATINT
UPINT
USEAS
WIDEN

~wen

" PO

NAMY -~ NAMELIST GRrOUP

NSTART

NPRNT
NPNCH

NAM2 == NAMFLIST GROUP 2

LANGLF

TMAX

"wn
VKNTX(1}

VKNTY{T)

WINDY(T)
WANGLE( T}

n

NAM3 —- NAMELIST GROUP 3

TMAX
[AERS)
vxI(1}
LA B ]
Hit1})

NAMA ~= NAMELIST GROWIP 4

THETKD
vi

v2

nM}
omM?
NOM1

NVPL

KAXMOD

Sum PPANP PAIN,
U8 TABLE ) MATN
sus THRT  (M.1,T. CALCOMP ROUTINE) HATN-
sus- MAIN MATH
sus MATN MATN
sus MAIN MAIN
Sun NANPDE . MAIN
sur TOTINY MAIN-
sum TOTINT MATN
sus TABLE MATN
MAIN-

—<==INPUTS THROUGH NAMELIST READ STATEMENTS---- MATN
MAIN

MAIN

. PAIN

=FLAG OENOTING POINT IN WAIN PROGRAM AT WHICH COMPUTA- MAIN
TION BFGINS, POSSIALE VALUES OF 1 THROUGH & CAUSE MAIN
NAM2, NAM3, NANS, NAN7, OR NAMO TO BE READ, NSTART®s MATN
CAUSES TERKINATION OF PROGRAM EXECUTION, MAIN
=FLAG FOR PRINTING OPTION. 1F NPRNT (LE. 0O, A MININAL WAIN
ANOUNT OF PRINTOUT WILL WE REIURNED, MATN
2FLAG FOR PUNCHING OPTION. 1F NPNCH oLE. O, NO INFO  MAIN
WILL 8E PUNCHED ON CARDS. WAIN
MAIN

MAIN

MAIN

SINTEGER WHICH SPECIFIES WHICH TYPE OF ATMOSPHERIC DAT MATN
1S INPUT, IF LANGEL oLE. O THE WIND COMPONENTS IN  MAIN
KNOTS ARE SPECIFIED, WHILE IF LANGE oGT. O, THE WIND  MAIN
MAGNITUDE AND DIRECTION ARE SPECTFIED FOR EACH LAYER. MAIN
*NUNRER OF LAYERS OF FINITE THICKNESS IN MULTILAYER MAIN
ATMOSPHERE . MATN
=TEMPERATURE IN DEGREES KELVIN IN THE 1-TH LAYER, MAIN
=X (WEST TO EAST) COMPONENT OF WIND VELOCITY IN 1-TH  MAIN
LAYER, MAIN
=Y (SOUTH TN NORTH) COMPONENT OF WIND VELOCITY IN [~TH MAIN
LAYER, " MAIN
=WIND VELOCITY MAGNITUDE IN KNOTS IN I~TH LAYER. MAIN
=MINC VELOCITY DIRECTION IN DEGREES, RECKONED COUNTER  MAIN
CLOCKWISE FROM %~AXIS. MAIN
sHEIGHT IN KILOMETERS OF THE TOP OF THE [-TH LAYER OF  MAIN
FINITE THICKNESS. MAIN
MATN

MAIN

MAIN

=NUMAER OF LAYERS OF FINITE THICKNESS. MAIN
=SOUND SPEED IN KM/SEC IN I-TH LAYER. MAIN
=X COMPONENT OF WIND VELGCITY IN 1-TH LAYER (KM/SEC).  MAIN
=Y COMPONFNT OF WIND VELOCITY IN T-TH LAYER (KM/SEC),  MAIN
=THICKNESS IN KM OF I-TH LAYER OF FINITE THICKNESS. MAIN

: Al

MATN

MAIN

=DIRECTION IN DEGREES TO OBSERVERs RECKONED COUNTER MAIN
CLOCKWISE FROM X AXISe MAIN
*LOWER BOUND IN KM/SEC OF PHASE VELOCITY INTERVAL CON- MAIN
SINERED FOR NGRMAL MODE TABULATION MAIN
=UPPER ROUND [N KM/SEC OF PHASE VELOCITY INTERVAL CON- MAIN
SIDERED FOR NORKAL MODE YTABULATION MAIN
=MINTMIM ANGULAR FREQUENCY IN RAD/SEC CONSIDERED FOR  MAIN
NORMAL MODE TABULATIONe MAIN
«MAXTMUM ANGULAR FREQUENCY IN RAD/SEC CONSIDERED FOR  MAIN
NORMAL MODE TABULATION, MAIN
=INITIAL NUMBER OF DISCRETE FREQUENCIES BETWEEN OM1 MATN
AND OM2, INCLUSIVE, AT WHICH NORMAL MODE DISPERSION  MAIN
FUNCTION IS STUDIED, MAIN
=INITIAL NUMBER OF DISCRETE PHASE VELOCITIES BETWEEN  NAIN
V1 AND V7. INCLUSIVE, AT WHICH NORNAL MODE DISPERSION MAIN
FUNCTION IS STUDIED. HAIN
«MAXTMUM NUMBER OF MODES TO BF TABULATED. MATN
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167
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154
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165
166
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170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
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188
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191
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1YY
A{}3]
vXT(T)
vYeen
HE(I)
THETKD
NDFND
KSTUN}
CEININY

0MNOD(N)

VPMODINY

ISCRCF
1088

NMMON (N}
VPMOD(N)

MDEND
KSTIN}
KFININ)

AMPI )

ALAM

FACY

YIELD

MOFND
KST{N}
KF IN(N}

OMMOD (N}

VPHOD (N}

NAMS -- NAMELIST GROUF

sNUMAER OF LAVERS OF FINITE THICKNESS

=SOUND SPEED IN KM/SEC IN 1-YH LAYFR

=X COMPONENT OF WIND VELOCITY IN [«TH LAYER (KM/SEC)

=Y COMPNNENT OF WIND VELOCITY IN I-TH LAYER (KM/SEC)H

sTHECKNESS [N KM OF [-TH LAYER OF FINITE THICKNESS

=DIRECTION IN DEGREES TO OBSERVER, RECKONED COUNTER
CLOCKWISE FROM X AXIS

sNUMSER OF NORWAL MODES FOUND

=INDEX OF FIRST TABULATED POINT IN N-TH MODE

=INDEX OF LAST TABULATED POINT IN N-TM M0DE. 1IN
GENERALy KFIN(N)=sKST{N®LD-10

2ARRAY STORING ANGULAR FREQUENCY ORDINATE (RAD/SEC) OF
POINTS ON DISPERSION CURVES, THE NMODE MNDE IS STORE
FOR N BETHEEN KST{NNOOE) AND KFINCNMODE),

=ARPAY STORING PHASE VELOCITY ORDINATE (XM/SEC) CF
POINTS ON OISPERSION CURVES, THE NNODE “NE IS STORE
FOR # AETWEEN KSTUMMODE! AND KFININMODE),

NAMG -~ NAMELTST GROUP &

sHEIGHT IN XM OF BURST ABOVE GROUND
=HEIGHT IN KM OF OBSERVER ABOVE GROUND

NAMT == NAMELIST GROUP 7

sARRAY STORING ANGULAR FREQUENCY DROINATE (RAD/SEC) OF
POINTS ON DISPERSION CURVES, THE NMODE MODE IS STORE
FOR N BETWEEN KST{NMOOE) AND KFIN(NMOOE),

=ARRAY STORING FHASE VELOCITY ORDINATE (KM/SEC) OF
POIRTS ON DISPERSION CURVES. THF NMODE MODE IS STORE
FOR N BETWEEN KSTINMOOE) AND KFIN(NWODE)

=NUMBER (OF NORMAL MODES FOUND

=INDEX OF FIRST TABULATED POINT IN N~TH MODE

=INDEX OF LAST TABULATED POINT IN N-TH MOOE. IN
GENFRAL,¢ KFIN(NI=KSTIN¢]1)-1,

sAMPLITUDE FACTOR FOR GUIDED WAVE EXCIVED 8y POINY
ENERGY SNURCE, UNITS ARE KMe¢s(-1), THE J=-TH ELEMENT
CORRESPONDS TO ANGULAR FREQUENCY OMMOD{JS) AND PHASE
VELOCITY VPMOD(J}e THE AMPLITUDE FACTOR IS APPROPRIA
TO THE NMODE=-TH MODE IF J GEe KSTINMODE) AND J .LE.
KFIN(NMOOE). A DETAILED DETINITION OF AMPIJ) §S GLVE
IN THE LISTVING OF SUBROUTINE NAMPOE,

=A SCALING FACTOR DEPENDENT ON HETGHT OF BURST, EQUAL
10 CURE ROOT OF {PRESSURE AT GROUNDI/ (PRESSURE AT
BURST HEIGHT) TIMES (SOUND SPEED AT GROUND) /{ SOUND
SPEED AT BURST HEIGHT)e SEE SUBROUTINE PANPDE.

=A GENERAL AMPLITUDE: FACTOR DEPENDENT ON BURST HE IGHT
AND OBSERVER HEIGHT, A PRECISE DEFINITION IS GIVEN
IN THE LISTING OF SUBROUTINE PANPDE,

NAMB ~= NAMELIST GROUP 8

=ENERGY YIELD OF EXPLOSION IN EQUIVALEMY KILOTONS (KT)
NE INT, 1 KT = 4,2X(10)9%19 ERGS.

NAMO =~ NAKELIST GROUP ©

aNUMRER OF NORMAL MODES FOUND

=INDEX OF FIRST TAMULATED POINT IN N-TH MODE

=INDEX OF LAST TABULATED POINT (N N-TH MODE., IN
GENERALy KFININI=KST{N¢1)~1

=ARRAY STORTNG ANGULAR FREQUENCY ORDINATE (RAD/SEC) OF
POINTS ON DISPERSION CURVES, THE NMODE MQDE 1S STORE
FOR N BETWEEN KST(NMODE) AND KFIN(NMODE),

=ARRAY STORING PHASE VELOCITY ORDINATE (KM/SEC) OF
POINTS ON DISPERSION CURVES, YHE NWODE MODE IS SYORE
FOR N BETWEEN XST(NMODE} AND KFIN(NMOODE!.
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214
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217
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229
22
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238
236
237
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241
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264
245
246
247
248
249
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3 c AMPLTO(N)  =AMPLITUDE FACTOR REPRESENTING TOTYAL MAGNITUDE OF MAIN 281
3 c FOURIER TPANSFORM OF WAVEFORM CONTRIRUTINN OF SINGLE  MAIN 282
3 ¢ GUICED MODE AT FREQUENCY OMMONDIN), 1T REPRESENTS THE MAIN 263
b ¢ ANPLITUDE OF HMODE-TH NODE IF N IS AFTWEEN KST(NMODE) MAIN 284
- G AND KFINCINNODE)}s INCLUSIVE. FOR PRECISE NEFINITIONs  MAIN 285
& (4 SEE SUAROUTINE PPANP, MAIN 286
A c PHASQUNY 3PHASE LAG AT FREQUENCY OMMOD(IN) FOR NMODE MNDE WHEN MAIN 287
o c N BETWEEN XST(NMODE) AND XFININMNDE), RESPECTIVELY, MAIN 288
2 r THE INTEGRAND IS UNUERSTOOG 1O HAVE THF FNRM MAIN 289
. ¢ AMPLTOSCOSCOMMODS {TIME-DE STANCE/VPMOD ! ¢PHASQ), FOR A MAIN 290
N ¢ PRECISE DEFINITION OF PHASO, SEE SURRCUTINES THPT MAIN 201
3 ! ¢ AND PPaANP, MAIN 292
' o MAIN 293
3 C NAMLIO —- NAMELIST GROUP 10 HAIN 294
S c MAIN 295
. ] TFIRST sFIRSY TIME RELATIVE YO TIME NF NETONATION FOR WHICH MAIN 296
SO e WAVEFORM IS COMPUTED, UNITS ARE IN SECNNNDS, uAIN 297
o c TEND =APPRNXIMATE TIME VALUE CORRESPONDENG TD LAST POINY MAIN 298
S ¢ TABULATED FOR WAVEFORM (RELATIVF YO TIME OF DETONATIO MAIN 299
L ¢ FOR PRECISE DEFINI) §ON, SEE SUBROUTINF TMPT, MAIN 300
M c DFLTT 2INCREMENT OF TIME VALUES IN SECONDS FOR WHICH SUCCES- wAIN 201
o t SIVE WAVEFORM POINTS ARE TABULATED, NAIN 302
9 | (d RNRS sMAGNITUDE OF HORTZONTAL OISTANCE IN KM BETWEEN SOURCE KAIN 303
v 4 AND OASERVER. MAIN 304
o r 1eY 2INTEGER CONTROLLING WHICH MODES ARE INCLUNED IN THE MAIN 305
L ¢ COMPUTED WAVEFORN, FOR PRECISE DEFINITION, SEE MAIN 306
o c SUBRDUT INE THPT, MAIN 307
g e MAIN 308
e . t MAIN 209
- ; ¢ —===PROGRAM FOLLONS BELOWS -==~- MAIN 310
c € MAIN 311
: . c MAIN 312
: C DIMENSION STATEMFNTS MAIN 313
. OTMENSTON CT(10001eVXT(1003oVYI(100)4HI(100) ¢AMP{1000),AMPLTN(1000) MAIN 314
DIMENSTON T(100) ¢VKNTX(100)¢VKNTY(100),21(100),PHASQ(1000) .MAIN 315
NDIMENSTON WANGLE (100) +WINDY (1000 MAIN 318
DIMENS TN OM{100),VPL300}, INMODE(10000) MAIN 317
: DIMENSTON KST(10)+KFIN{10),O0MMOD1000),VPHOD(1000) MAIN 318
: c MAIN 319
: C ALOCATION OF VARIABLES TO COMMON STORAGE MAIN 320
COMMON TMAX,CT o¥XT,VYI4HI MAIN 321
. c MAIN 322
; C NAMELIST STATEMENTS MAIN 323
; NAMELIST /NAM1/ NSTART,NPRNT,NPNCH MAIN 324
: NAMELIST /NAM2/ LANGLE IMAXoToVKNTXoVKNTY MINDY ¢WANGLE 221 MAIN 325
NAMELTST /NAMI/ IMAXoCLo VXTI, VYI,HI MAIN 326
: NAMELIST /NAM&/ THETKD4V14V2,0M1+0M2¢NCM],NVPT,MAXMOD MAIN 327
\ NAMELTIST /NAMS/ IMAXoCloVXTeVY I HTo THETKD,MOFND o KST(KF TN, OMMOD, MAIN 328
1 vPMOD MAIN 329
NAMELTST /NAM6/ 2SCRCE,208S MAIN 330
NAMELIST /NAMT/ OMMOD,VPNODsMOFND+KST JKF Ny AMP . AL AN, FACT MAIN 331
NAMEL IST /NAMS/ YIELD MAIN 332
NAMELIST /NAM9/ MDFNDeKSY o KFIN, OMMOD,VPNOD,AMPLTD, PHASQ MAIN 323
NAMELIST /NAM10/ TFIRST,TEND,DELTT,ROBS,IOPT MAIN 334
c MAIN 335
(o MAIN 336
C BEFORE ANY DATA IS READ IN, ALL NAMELIST VALUES ARE PRESET TO ZERO, MAIN 337
¢ THIS IS ONNF SIMPLY TO MAKE NAMELIST PRINTOUT EASIER TO READ. MAIN 338
NSTART=0 MAIN 339
NPRANTS0 MAIN 340
NPNCH=0 MAIN 341
LANGLE=0 MAIN 342
TMAX=0 MAIN 343
THETKD=0,0 MAIN 344
Vis0,0 MAIN 348

V220,0 MAIN 346 PROGRAM

OM120.0 MAIN 347 MAEN

0M2r0,0 MAIN 348

NOMI=0 MAIN 349 PAGE

NVPI=0 MAEN 350 s
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MAXNOD=0
MDEND=( .
ISCRCF=0.0
1NAS=0,0
ALAM=0,0
FACT=0,N
YIFLDa0 .0
TEIRSY=N,0
TEND=N, 9
D‘l".ooﬂ
ROAS=0,0
109 T=n
nn 21 teR=l,100
ClEIPRY=0,0
VXI{IPR)=0,0
VYI{IPR)s0,0
HILTPR)®0,L0
TUIPRI=N,0
VENTX (PR )=0,0
VEKNTY([PR)SN,0
11PN )=0,0
WANGLE(1PF ) =0,0
WINDY(IPP)=N,0
oMiIPR)a2N,0
T VPiIPR) 20,0
N 31 (orst,1n
KSTULIPR)=0
KFIN(IPR) =D
D0 41 197s),1000
AMPLIPR)=0L0O
AMPLTO(TIPR) =0, 0
PHASOLIPR (20,40
OMMONLIPREZ0.0
&) VPNODIIOR)=0.0

3

(=3

STHT NF EXECUTARLE PORTINN OF PROGRAM

NFWPLT IS A CALCOMP SURRNUTINE WHICH INITIATES THE CALCOMP PLOTTER
TAPE FILE, %640 1S THE M,1.Y¥, COMFUTATION CENTER PROALER NO, 5923 IS
THE PRNGRAMMER NO, GRAPH PAPER WITH BLACK INK 1S REQUESTED,

CALL NFWPLT(*MS640% 959230, WHITE ¢, 'ALACK ')

1 READ (S,NAM1)

17 1S CONSTINFPED GOOD PRACTICE TO HAVE INPUT DATA PRINTED ON OUTPUT
WRITE (46037}
CORMAT(LIH /7777 2THINAML HAS JUST REEN READ IN)
WRITE (A,NAMY)

CURPENT VALUE NF NSTART CONTROLS THE STAGF AT WHICH COMPUTATION BEGINS
SINCE CONPUTED GO TO STATEMENTS SOMETIMES 00 NNT COMPILE CORRECTLY IFf
INDEX §S NOT FXPLICITLY DEFINED. WE 'PLAY 1T SAFE WITH REDUNDANT
STATEMENT,

NSTARTSNSTARY

GO TD (200+4300+400¢50046004999) ¢ NSTARY

> WF ARRIVE HERE [F NSTA®Ts]

200 READ (5,NAN?)
WRITE (6,237)

237 FORMAT(IH /////7 2TH NAM2 HAS JUST BEEN READ IN)
UPITE (4,NAM2)

CONVERY ATMNSPHFRIC NATA TO STANDARD FORM
CALL ATMNSIToVKNTXoVRKNTY 25 oWANGLE ¢ WINDY LANGLE )
IF( NPRNT .LE, 0) G0 10 270

PP INT ATMNSPHERIC PROFILF IF NPRNT 6T, O
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352
1%3
354
358
156
357
358
159
260
363
282
363
364
365
366
367
368
369
370
n
2
3713
374
3718
376
3
378
379
380
381
382

sy -

334
383
36
387
ne
389
390
o1
392
393
394
395
39¢
397
390
399
400
401
402
403
404
409
408
407
408
409
410
411
412
413
414
415
416
417
4le
419
420
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CALL PRATNN
270 IF{ NPNCH ,LE, 0) GO TO 305

PHUNCH NAM3 CATA IF NPNCH +GTe O
WRITE (7,271)
271 FNBMAT ( TH ENAM3 )
TUHS = TMAX ¢ 1
WRITE (74272) IMAXGLCTLT) 1=1,TUKHS)
272 FORMAT ( 10H  IMAX = ,13,1Hy, /2 B4 (1 =/
1 0 XeG15.PolHe oG5B He 0G15e 80 LMoo G154 Re 1M, )
WRITE(T:274) (VXTITD) D=1, TUKS)
274 FIMMAT(QH  VXT = /
T 0 Aot 1Se R e H o615 e 8o He o058y 1He o G15.R41H, ) )
WRITE(T276) (VYHLI) I=1,11W5)
276 ENRMAT(OH wil =/
1 € 6XeG15¢8elHe o615 Re1H 96150891 Hee6G15eBe1Hs ) )
WOITECT,278) ( HItI)oD=21,TUHSY
779 FORMAT ( AH W] = /
1 ( ﬁ‘vclsnailﬂo'Gl‘.nol"o051‘.3'1“106150811"0 Vo
WRITE (7,279)
279 FORMAT { 6H GEND )
WRITE (64583)
WRITE (4,271)
WRITE (6¢272) THAXL{CI{T}oE=1,1UKS)
WRITECH42T4) (VXI{T)eI=],IUMSY
WRITE(Se276) (VYICI)eTsl,IUHSY)
WRITE{6+278) ( HIC])o1=1,1UHS)
WRITE (4,279}
7?80 GO TN 395

WE APRIVE HERF IF NSTART=2
390 READ (5.,NAM3)
WRITE (64302}
AN? CORMAT(LIM ////7 27TH NAM3 HAS JUST REEN READ IN}
WRITE (&.NAM3)
IF( NPRNT .LE. 7) G7 TO 305
PRINT ATMASPHFRIC POCFILE TF NPRNT ,GT, O
CALL PRPATHN

CONTINUING FROM 270, 280, 302, AR 303

1065 READ (5.NAM&Y
MRITE (6,3n7)

INT FORMATIIN /7777 2TH NAMG HAS JUST BEEN READ IN)
WRITE (HoNAM&)

CONVERT THETKD FROM DEGREES TO RADIANS
THETK = {3,14159) & THETKD / 180.0
NNM » NOMT

P = NVPI

CONSTRUCT TABLE OF [NMODE VALUES
CAIL TAMLE(NM] OM2,V1,V2 NOMINVP o THETK¢OMoVP o INMADE 4 NPRNT)

COMPUTE DISPFRSION CURVES NF GUIDEN MODES
CALL ALLMODINVP ¢ NOMoMAXNOD MOFND M VP ¢ KST o KF {No OMMOD, VPMOD,
1 INMONF, THE 7K ,KWOP)

CHECK TO SEE TF ANY MODES WERE FOUND
IF( KNP LGFe O} GO TN 320

FXIT TF KWAP LLT, O
WRITE {63111 KHCP

311 FORMAT(IH , SHKWOP=, [3)
CALL £XIT

CAONTINUING HTTH KWOP (GE. O FROM 308
320 IF{ NPANT . LF. 0} GO TO 350

ORINT NNRMAL MODE DISPERSINN CURVES
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634
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658
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460
461
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464
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CALL RONLSTIMDFND, NMMND, VPMND ¢ KST + KF IN)

CONTINUING FPOM 32) P 321
350 IF{ NPNCH JLE. O) GO TT 260

PUNCH NAMK OATA IF NPNCH 6T, O
WRITE (7,351}
25) FORMAT ( T™H LNAMS )
TUHS = FMAX + 1
WRITE (7e2723 THMAX{CIUTY, Inl, TUMSY
WRITE(T4274) (VXE(TI)eTul, TUMS)
WRITE(T,278) (VYE(T)el=],1UNS)
WRITE(7,278) { HICT)eSx1,TUMS)
WRITE (74352) THETKDeMDFND, (XST(1)s In1,MOFND}
357 FORMAT {11H  THETKD =,G16.8,1H,710N  MDEND =,03,1H, /%  KST =/
1 0 6XeGL5e80IHo oG15e 89 1HeeG15¢801He G1S5,P 1My ) )
WRITEL7.355) (KFIN(T),1=1,MDFND)
358 FORMAY { 1OW  KFIN = /
T 0 6XeG15eBelHoe615eB801H0oG15001HesG18 A9 1H, 1 )
KLAST = KFIN{MDFAD)
WRITE (74357) (CMMOD(T)ol=1,KLAST)
357 FORMAT ( 11H  OMMOD = /
1 € 6XeB15 Ry 1He o615 NelHe o615, 89 HeoG15.8¢1Hs ) )
WRITF{7,359) (VPMOD(T),1=1,KLAST)
359 FORMAT ( 1i1H  VPMID = /
1t 6XeB15eB801HeeGL150B8¢1MeoG15.801Heo6G15,8,1H¢ ) )
WRITE (7,270)
WRITE {64583)
WOITE §4,3581)
WRITE (4.,272) TMAX,(CI(1),]1=1,JUHS)
HRITE(60276) (VXI{1)el=l,]1UHS)
WRITE(6+276) (VYT(1}.121, JUNS)
WRITE(A«278) ( HI(I)oT=1,IUNHS)
HRITFE {6,352) THETKD¢MDFNDIKST(T) o121 ,MDFND)
WRITE(64355) (KFINUT)eIn],MDFND)
WRITE (A¢35T) (OMMON(T) o121 ,KLAST)
WRITSF(60359) (VPMODII)e 1] ,KLAST)
WRITE (6,279)

CONTINUING FROM 350 CR 351
360 GO YO 4135

e X W T ¥

WF ARRIVE HFRE IF NSTART=3

4C0 READ {5,NAMS)
NRITE (4.403)

403 FORMATILN /7777 2TH NAMS HAS JUST BEEN REAN IN)
WRITE (6.NAMS)Y

CONVERT THETKD FRNM DEGREES TN RADIANS
THETK = (3,14159) * THETKD / 180.0

CONTINUING FROM 360 OR 402

415 READ (5,NAMG)
WRITE (60417)

417 FORMATILH /7777 2TH NAMS HAS JUST BEEN READ IN)
WRITE (64NAMS)

CONPUTE YIELD INDEPENDENT AMPLITUDE FACTORS FOR GUIDED MODES
CALL PAMPOE [ ZSCRCE20BS sMDFNDJKSToKFINoOMMOD o VPMODAMP,ALAM, FACT,
1 THETK, NPRNT)

a¥a)

450 IF{ NPNCH oLF. 0) GO TO 460

¥l

PUNCH NAM7? DATA IF HPNCHM 6T, O
KLAST = KFIN{MDFNND)
MRITE (7,4S130AMPITY, 1=l KLAST)
451 FORMAY ( TH ENAMT / 9H  AMP = /
T 0 6Xeh15080 M, 61580 1HeoG15,801HeeG15e801He ) )
WRITE (7.452) ALANGFACY
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452 FOPMAT [ 10H  ALAM = ,G1648e1He /7 10H  FACT = (Gl6eB,1H,s 1}
MRITE (7,455) MDFND, (KST(T).I=1¢MOFND)
455 FORMAT { 10H  MDFND =,13,1H./8H XST =/
T 6XeG15eBeIHe9615,8¢1He¢G150841HeoG1SeRe1He } )
WRITE(T,355) (KFINC(I),I=1;MDFND)
WRITE (74357} (OMMOD{T),E=],KLAST)
WRITE(7¢359) (VOMOD(T), D=1 ,KLAST"
WRIYE (7.,279)
WRITE (6.583)
WRITE (60451 MAMPLT )y 1=14KLAST)
MRITE (56,4520 ALAM,FACT
WRITE (60455) MOEND, (KSTUT),1=1,MDFND)
HRITE(6+355) (KFIN(T),1=1,MDEND)
WRITF (64357) (OMMODIT) o 12l,KLAST)
WRITE(6¢350) (VPMOD(TH,I=1,KLAST)
459 WRITE (4,279)

CONTINUING FROM 450 CR 459
460 GN TO 515

WE ARRIVE HERE IF NSTART=4
500 READ (S5,NANY)
WRITE {64501)
S01 FORMAT(LIH /7/7/ 2TH NAMT HAS JUST BEEM READ [N}
502 WRITE (6.NAMT)

CONTINUING FROM 460 CR 502
515 READ (5.NAMS)
WRITE (6,4516)
516 FORMATY 1H ///7/7 27TH NAMB HAS JUST BEEN READ IN)
517 WRITE (G4NAMB)

COMPUTE VIFLD DEPENDENT AMPLITUDES AND PHASE TERMS NF GUIDED MODES
CALL PPAMPIYIELD,MDFND,KST . KFTN, OMMOD, VPMOD, AMP, ALAM, FACT ,ANPLTD,
L PHASQ)

518 IF( NPRNT ,LE. 0 ) GO TN $80

THE RESULTS OF CALLING PPAMP ARE PRINTED OUT BY CALLING TABPRT

520 CALL TABPRT{YIELDJMNFND o KST KFIN,OMMOD,VPML ,AMPLTD,PHASQ)

CONTINUING FROM 518 OR 520
580 IF({ NPNCH .LE. 0) GO TN 590

PUNCH NAM9 DATA IF NPNCH 6T, O

KLAST = KFIN{MOFND)

WRITE (7,581) (AMPLYDI{[),1=1,KLAST)
581 FORMAT ( TH ENAM9 / 12H AMPLTD =/

1 6XeGl5aBe1He 9015801 HoeG150801KHoeG15801Hy ) )
WRITE (7,582) (PHASO(I),)=],KLAST}

582 FORMAT { 11H PHASO = /

1 6XeG15e80e1He¢61548¢1He¢G15e8¢1Ho0G15:841Hy } )
WRITE (7,455) MDFND, (KST{I),1=1,MDFND)
WRITE({7,355) (XFINUID,1=1,MOFND)

WRITE (T70357) {(OMMOD(I),I=1,KLAST)
WRITE(T¢3%59) (VPMODAT ), I=14KLAST)
MRITE (74279}

WRITE (6,4583)

583 FORMAT( 1H /7777 41H THE FOLLOWING DATA HAS JUST BEEN PUNCHED)
VRITE (64581) (AMPLTO(1),1=1,KLAST}
NRITE (6,582) (PHASO(T),I=1,KLAST)
KRITE (64455) MOFND. (KST{I)yI=14MDFND)
WRITE(6+355) (KFINC(T)oIv]l,MDFND)

MRITE (6¢35T7) (CMMOD(]1),I=1,KLAST)
HRITE(6¢359) (VPPOD(T), 121 ,KLAST)
584 WRITE (46,2791}

CONTINUING FROM 580 CR 584
590 GO TN 615

-213-

RAIN
MAIN
MAIN
MALN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MRIN
MATH
MAEN
MATH
MAIN
MAEN
MAIN
KAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
KAIN
MATN
MAIN
MAIN
MAIN
MATN

ssemay
LIS

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN

561
562
562
564
565
566
s67
568
569
s$70
571
572
573
574
5715
576
577
578
519
580
581
582
583
504
585
586
537
588
589
590
591
592
593
594
595
59¢
597
598
599
60C
601
602
603
604
605
606
607
603
609
610
611
612
613
6l4
615
616
617
618
619
620
621
622
623
624
625
826
627
628
629
630

PROGRAM
MAIN

PAGE
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€ WE ARRIVE HERE [F NSTARTzS
600 READ (S,NAND)
HRITE (8.601)
602 FORMAT(LH /7777 27H NAN9 HAS JUST BFEN READ IN)
60?7 MRITE (AoNANG) '
¢
. CONTINUING FROM 590 NP 602
6185 READ (% ,NAM1O)
HRITE 16:616)
616 FOMKATE tH /7777 28H NAM1O HAS JUST REEN READN IN)
HRITE (64NAMIO)
,
C COMPUTATION OF WAVEFORM
CALL TMPTUITFIRST TENDJDELTT,POBS,MOFNDKST JKFIN,O¥MOD,VOMNC,
1 AMPLTD, PHASQ, 10PT)

¢
C REPEAT FNR NEXT WAVEFNRM
G T 1
f.
€ WF APRIVF HERF [F NSTACT = 6§,
€ FNDPLNT TERMINATES THE CALCOMP TAPE FILE.
999 CALL ENDPLT
CALL EXIT
END

~214m

Bt o SERNPRE B SN

MATN
MAIN
MAIN
MALIN
MAIN
MAIN
PAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
KAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

631
632
633
634
635
636
637
638
639
640
641
642
643
644

644
647
6498
649
650
651
652
653
654

PROGRAW
KA N

PAGE
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AAAA (SUBRDUTINE) 7725768

==eeABSTRACToem-

TITLF < AAAA

THIS SUBROUTINE COMPUTES THE 2-BY-? MATRIX A OF COEFFICIENTS
IN THE RFSIDUAL EQUATIONS

D(PHILI/DZ = (AL11)®PHIL ¢ (A12)*PHI2
MPHI2I/DT = (A21)#PHIL + (A22)=pPHI2

DERIVFD RY Ao PIERCEs Jo COMPs PHYSes VNLe 1o NOo 3¢ 343,0~366,
1967, (SEE EQN. (10} OF THE PAPER.)} THE FXPLICIT EXPRESSIONS
FOR THE A(T,J) ARE

A{lel) = GE(K/ROM)E22 =~ GAMMASG/(2eCse2)
Aflo2) = 1 ~ (CSK/B0M)=*2

Al241) = {G*K}/7(BOMEC) ) 082 - (BNN/C)en2
Al2¢2) = <A(1,1)

WHERE GAMMA=1,.4 1S THE SPECIFIC HEAT RATIN, G=,0098 KM/SEC*$2

1S THE ACCELERATION OF GRAVITY, C IS THE SOUND SPFEDs X IS THE
HORIZONTAL WAVE NUMRER AND BOM [S THE DOPPLER SHIFTED ANGULAR

FREQUENCY

LANGUAGF - FORTRAN 1V (360, REFERENCE MANUAL C28-6515-4)

AUTHOR

=~ AdD.PIERCE, MoloTey JULY 1968
<===CALLING SEQUENCE-=--

SEE SUBROUTINES ELINT, MMMM, NAMPDE, NMOFN
DIMENSION A(242)
CALL AAAAINMEGA AKX ¢ AKY Lo VXoVY,A)

NO EXTERNAL SUBROUTINES ARE REQUIRED

====ARGUMENT LISTo-=-

OMEGA R&4 ND INP
AKX R*4 ND INP
AKY Re4 ND INP
C R*4 ND INP
vx R*4 NO INP
vy R4 ND INP
A Re4 2-8Y-2 0UY

NO COMMON STORAGE IS USED

come INPUTS-men
OMEGA =ANGULAR FREQUENCY TN RAD/SEC
XX =X COMPONENT OF HORIZONTAL WAVE NUNBER VECTOR IN 1/KM
AKY ay COMPONENT OF HORIZONTAL WAVE NUMBER VECTOR [N 1/KN
¢ =SOUND SPEED IN KM/SEC
VX «X COKPONENT, OF WIND VELOCITY [N KM/SEC
vy =Y COMPONENT OF WIND VELOCITY IN KM/SEC
—meeQUTPYTS===
ALTod) =(1,J1-TH ELEMENT OF WATRIX A OF COEFFICIESTS IN THE

RESIDUAL FQUATIOMS AS DEFINED IN THF ABSTRACT.
--=<PROGRAM FOLLOWS DELOW

SUSRTIUTINE AAMAACOMEGA¢AKXy AKY Co VX VY, A}

DIMENSION At242)
BAMSOn (OCMEGA-AKX®YX-AKYSVY ) ¢82
CSQaCsC

=215~

AAAA
SAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
ARAA
ARAA
AAAA
AAAA
AAAA
AAAA
ARAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAAA
AAAA
AAAA
AAAA
AAAA

AAAA

AAAA

AAAA
AAAA
AAAA

AAAA

AAAA

AAAA

AAAA

AAAA
AAAA

AAAA

AAAA

AAMA

AAAA

AAAA

AARA

AAAA

AAAA

AMAA

ARAA

AkAA

AAAA

AAAA

AAAA

AAAA

ARAA

AAAA

ARAA

AAAA

AAAA

AMAA

AAAA

AAAA

AAAA
AAAA

AARA

AMAA

AAAA

AAAA
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Te{AKKSA22AKYS®D ) /RNMSO AMRA 1
Allel)n,0090%7~,00686/CS0 AAAA T2
€ CAMMARG/2 1S 00608 AMAA T3
AC1420=1,0-0808T AARA T4
Al241131196.04E=6)*T~ROMSO} /CSO AAAA 15
€ G852 1S 964 04E~8 KMES2/SECRES ' ARAA 76
A(24212-A(1,1) AMAA  T7
RETURN AAAA T8
FND ARAA 79
.);‘:‘
v
PROGRAN
AAAA
PAGE
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AKT (SURRNUT INF ) 8715768 AK1
AK1
131
—eeeABSTRACT== - AKY
. AKS
TITLE - &XI (131
EVALUATINN NF INTEGRAL NF L{OMEGA)SCOSIPHI{OMFGAY) FRNM NML TO axl
M2 AKS
(191

A(OMEGA) AND PHI(OMEGA) ARE ASSUMED TO BE LINFAR RETWUFEN AKI 10

OM1 AND NM2, FOLLOWING THE METHOD OF AKI { J. GFOPHYS, ARI 11

RES,e V0L 65 (1960), PP, 729-740 ). THE INTEGRAL (¢ AKT 12

REAOILY EVALUATED AS Kt 13

AKT 14

(PHIY )s2(=]) & (AT ¢ A'®(OMZ-0M1}) * SIN(PHITeX) Akl 18

KD 16

4 PHE'SR(<2) * A? = COSI(PHII + X) Al 17

Ak 18

= PHI'®s{-1) = (A] - A ~ (OM2 - OML}} & SIN(PHII-X) AKI 19

Akl 20

- PHI'Sx(=2) = A' » COS(PH] - X) Al 21

AT 22

WHERE AKX 23

AK] 24

Al = AVERAGE VALUE OF A IN INTERVAL ARD 25

PHIT = AVERAGE VALUE OF PHI IN INTERVAL AKT 26

A' = D(A) /7 DIOMEGA} AK] 27

PHI' = DIPHI) / DIOMEGA) AT 28

X = PHIY & (OM2 - QWYY 7 2 ART 29

AKI 30

A SOMEWHAT MORE CONVENIENT FORMULA NATAINARLE RY TRIGONO-  AKI 31

METRIC IDENTITIES IS AK] 32

ARl 33

AKTINY = 2 & PHI'®n(-1) = Al * SINIX) * COS(PHITI) AKX 3:

. AKI 3

+ 2 % PHIIOE(=2) & A% & (X ® COS{X) - SIN(X)) AKT 36

AT 37

* SIN(PHIT) AKI 38

AKT 39

WHENEVER X IS SMALL, SIN(X)/X AND CNSUX) ARE EVALUATED 8Y  AKl 40

USING THEIR PONER SERIES REPRESENTATIONS. AKT 41

KT 42

LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4) AKT 43

AKT 44

AUTHNRS = A DJPIERCE AND J.POSFYs Mel.T,o AUGUST,1968 AT 4S5

AKI 46

AKY &7

c=csYSAGF-—~= AK] 48

. AK] 48

NO SURBROUTINES APF CALLED AKl S0

, ARl 51

FNRTRAN USAGE AKL 52

AKI 53

CALL AK1(OM1,0M2,41,A2,CTRIGY,STRIG1,CTRIG2,STRIG2, AKI 54

1 DELPH,AKLINT) AK] S5

AKL 56

INPUTS Al 87

Kl S8

0OM} LOWER LIMIT NF INTEGRATION OVER ANGULAR FREQUENCY AKD 59

Reé (RADIANS) AKT 60

AT 61

omM2 UPPFR LIMIT OF INTEGRATION (RADIANS) AKT 82

R%4 AKE 63

AKT 64

Al VALIE OF A AT ONEGA = OM} At 65
R AK1 66 PROGRAM
AKT 67 AK1

A2 VALUE OF A AT OKEGA » OM2 AKT 68
LT AT 69 PAGE
AKT 70 13

ORI NS BN re

™
i s 5 o ST,

P i

.
AR OSMNAOONTIOONTAANIATOATAATSONNINOMAOOADOACAHOTIADNITIAONODN IATITONOOIOADIOOANINIAOTOOND
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CTRIGL COS(PHI} WHERE OMEGA = OM]

Res

STRIGL  SIN(PHE) NHEPE OMFGA = OM)
RS i

DELPH CHANGE IN PHI NVER THE INTERVAL ( PHI(OM2) ~ SHI(OMI) )
Res (RADTANS |

nuTeYTS

CYRIGZ  CNSIPHI) WHERE OMEGA = OM2
R4

STRIG?  SINIPHI) WHERF OMEGA = 0M2
R*4

AKIIN  VALUE OF INTFGRAL DFFINED IN ABSTRACT IN UNITS OF A®OMEGA
rey

>=~=PROGRAM FOLLONS BELOW-=-~

SUBROUTINE AKT(ONYo0M20A1,42,CTRIGL,STRIGELCTRIG2,
1 STR1G24DELPH, AKTINT)

DELIM=0N2-0M1

DELAA=A?=A}

Al={025411/7 .0
X=DZLPH/2,0
CTRX=COS{ X}
STRYsS INIX)
CTRIGI=CTRIGI*CTRX-STRIG1*STRX
STRIGI=STRIGI®CTRX+CTRIGI*STRX
CTRIG2=CTRIGISCTYRX=-STRIGI*STRY
STRIG2=STRIGI*CTRX4CTRIGIaSTRY
IFCARS(X)=1.0F~2} 20020,10
10 SleSTRX/X
§22{S1-CTINRX) /X&e?
GO 70 30
20 S1=1,0~(1.0/6,0)8X8%24(1,07120.0)8X%%4
$20(1,0/73,00=(1,0/3000)18X%224({1,0/840,0)8Xe24
30 AKTINT=(ATSS1*CTRIGT=-DELAASDELPHS0 . 25¢S29STRIGT)SDELOM
RETURN
END

-218~

13

AKT
AKY
Al
AK?
AKY
Ax1
aAxt
AKY
At
19
AKY
At
(131
AK1
Ax1
AK1
AL
AK1
At
Ax1
AK1
AK1
[13]
AKL
AK?
(13
AK1
AK1
AKT
AKT
AKL
AT
AK]

AK1
AK1
AK]
AK1
(14}
A1
Al
AX1
AK1
AK1
aK1
AK]

T s il st *.

PROGRANM
AK1
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ALLMND (SURRCUTINF) 6725763

TITLE - ALLNND
PPOGRAM TO TARULATF OISPERSION CURVES OF UP TO MAXMND GUIDED
MODES. ONLY PORTYONS OF CURVES WITH OMEGA BETWEFN .ON(1) AMD
OMINCOL) AND WITH PHASE VELOCITY BETWEEN VPINCOL) AND ¥P(1)
ARF TABSULATEN, THE ANGULAR DEVIATION OF GROUP VELOCITY DYREC~
TION FROM OWASE VELOCITY DIRECTION THETK IS NEGLECTED.
SUCCFSSIVE MODES NUMARERED FROM I T MOFND ARE EACH TARULATED 8Y
CALLING SUBRNUTEINE MODETR, STARTING POINTS FOR EACH MODE ARE
FOUND BY CALLING SUBROUTINE NXMODE. THE NORMAL MODE DISPERSION
FUNCTION (NMDF) SHOULD BE NEARLY ZERO FOR EVERY TABULATED POINT
ON EACH CISOERSION CURVE. THE COMPUTATIONAL METHOD IS BASEC
ON THE PREVINUSLY COMPUTED VALUES OF YHE NMDF SIGN
INMODE({J-1)&NRON¢T) AT POINTS (1o} IN A RECTANGULAR ARRAY OF
NRNW RONS AND NCOL COLUMNS, OIFFERENT COLUMNS (J) CORRESPIND
TO DIFFERENT ANGULAR FREQUENCIES OM(J) WHILE NIFFERENT RONS (1)
CORRESPONN TQ OIFFERENT PHASE VELOCITIES VP{I)e [T IS ASSUMED
THAT VPl1) GTe VP(2) oGT, VPE2)y EYC. DISPERSION CURVES
OF VARIOUS MODES APPEAR NN THIS ARRAY AS LINES OF DENA®CATION
RETHEEN ADJACENT RFGIONS WITH NPPOSITE INMODES. [T {S ASSUMED
THAT DISPERSION CURVES SLOPE DOMMNWARDS. WMODES ARE NUMBERED °
STARTING FROM LOWER LEFT DF INMODE ARRAY.

PROGRAM NOTES

THE ARRAYS OMMOD AND ¥PMOD ARE USED TO STORE DISPERSION
CURVES FOR ALL THE MODES YO CONSERVE STORAGE, FOR THE
NMODE-TH MODE, VPMODIKSTI(NMONE)#K~1) S THE PHASF VELOCIY
CORRESPCNDING YO ANGULAR FREQUENCY OF OMMODIKST{NMODE)+
K=1)e THE PAIR OF VALUES CORRESPGNDS TO THE K=TH TASULAT
POINT FOR THE MODE. THE LAST TABULATED POINT FOR THE
NMODE~TH MODE IS LABELED 8Y THE PAIR VPMOD(KF IN(NMODE!}),
OMMODIKEININMONE))s THUS OMMOD(K), VPNOD(K) FDR

K oGEe KST(NMODE) AND K oLTo KFIN(NMODE) DESCRIBRE THE
NMODE-TH MODE-S OISPERSION CURVE,

THE FLAG KWOP 1S NORMALLY RETURNED AS 1« HOWEVER, IF
NO DISPERSION CURVES ARE TABULATED, KWOP 1S RETURNED AS

“le
LANGUAGE - FORTRAN IV (360, REFERENCF MANUAL C28-6515-4)
AUTHOR = 8N.PIFRCF, MoloTes JUNE,1968

«===CALLING SEQUENCE-~~-~

SFF MAIN PROGRAM

DIMENSION OM{100).VPLI100)+KST(10),KFINL10},0MMODE2000),VPMOED(1000)

OIMENSICN INKNDE( “000) .

OTMENSION CT(1000%,vxI(100),VYI(100)¢H1(100)
THE SUBROUTINE USES VARIABLE DIMENSTONTNG. THE ASSIGNMENTS ABOVE ARE
THNSE GIVEN BY MAIN PROGRAM

COMMON TMAX,CToVXTyVYIsHI
ATMOSPHFRTIC VARIABLES MUST S8E IN COMMON BEFORE ALLMOD IS CALLED,

CALL ALLMODINROWINCNL +MAXMOD, MDFND ¢ OM o VP ¢KST ¢ KF TNy OMMOD, VP ~QD,

1 INMODE,THETK KWCP

IF(RWOP oNE, 1) GO SOMEWHERF

~e==EXTERNAL SURROUTEINES REQUIRED=~=~~
NXMODE «MODETR o NX TPNT sRTM T4 FNMOD1 o FNMOD2oNMOFN o AAAA JRRRR o MMMMCAL S
NXMOOF AND MCDETR ARE EXPLICITLY CALLED. THE REST ARE
IMPLITITLY CALLED BY CALL ING MODETR, FOR FURTHER INFORMATION
ON I8+ SCIENTIFIC SUARODUTINE PACKAGE ROUTINE KTMI, SFE 0OCuU-
MENTATINN OF MNNETR,

-===ARGUM:ENT L 1ST~eoem

~219-

ALLM
ALLM
ALLm
ALLm
ALLm
ALLN
MLK
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLw
ALLM
ALK
ALLM
ALLN
AtL™
AtLm
ALLM
ALLY%
ALLM
ALLM
ALLM
ALLM
ALLN
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLNM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLN
ALLM
ALLM
ALLM
ALLM
AtLM
ALLM

OB AP NP BN

PROGRAM
ALLNMCO

PAGE
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c NRng 14 HD INP

4 NCOL 1% L D] NP
[ MAXMON %4 ND NP

r MNFND 14 ND our

€ on Reg VAR INP

[ e L2 Y VAR INP

< XST =4 VAR Ut

4 KFIN 1503 VAR ouY

¢ MNOD R4 VA® Oyt

¢ veN0D Re4 VAR OUT

¢ INMONE 1%4 VAR INP

t THETK (113 ND IN®

¢ [ { 1] 174 N ouy

¢

C CAMMNN STORAGE USED

; COMMON TMARGCT VAT VY] oHT sOMEGACIVPHSEC ,THETKP

[ TuAX L0 NO NP

C (4] ey 100 INP

¢ vxi R*é 100 INP

¢ vyt LA1Y 1¢0 e

¢ L1 R&& 100 INP

C OMEGAC a4 ' ND OUT (USED INTERNALLY)

[ VPHSFC LT 1Y ND NUT (USED INTE®NALLY)

o THETKP Re4 ND OUT (USED INTERNALLY)

r

[ c==aNPYTScmwn

¢

C NROW sNUMAER OF POWS IN INMODE ARRAY, MAXIMUM INDEX CF

[ VP{IN),

C NEM =NUMBER (OF COLUMNS IN INMODE ARRAY, MAXIMUM INDEX OF
¢ OM(N},

[ MAXMON =MAX IMUM NUMBER OF MODES TO BE TABULATED

. r OMINY =ANGULAR FREQUENCY OF N=-TH COLUMN IN INMODE ARRAY

¢ veiN) =PHASE VELOCITY OF N-TH ROW IN INMODE ARRAY

¢ INUODE =1,-1y QR & DEPENDING ON WHETHER SIGN OF NORMAL MODE
(3 NISPFRSINN FUNCTION 1S ¢ OR =, 5 IF NMOF DOESNT EXIST
c THF (J~1)8NROW+I-TH ELEMENT CORRESPONDS TO NMDF WHEN
[ NYEGA=OM{JS) s PHASE VELOCITYaYP(I},

¢ THFTK =PHASE VELOCITY DIRECTION IN RADIANS RECKONED COUNTER-
€ CLOCKWISE WITH RESPECT TO X AXIS,

r fuAX =NUMBER OF ATMOSPHERIC LAYERS OF FINITE TYHICKNESS

[+ cuen =SOUND SPFED IN I=TH LAYER

[y VeIt =X COMPONENT OF WIND VELOCITY IN I-TH LAYER

¢ yYuen =Y COMPONENT GF WIND VELOCITY IN I1-TH LAVER

; HI(D =THICKNESS OF [-TH LAYER

[ cmeaNYTPYT§onae

¢

[ MDFND sNUMAER OF MODES FOUND

c KST(N) =INGEX OF FIRST TABULATED POINT IN N-TH NODE

[ KF IN(N) =INDEX OF LAST TABULATED POINT IN N-TH MODF, IN

4 GENERALy KFIN(NInKST{NeL1)~1,

[ OMBON(N) =ARRAY STNRING ANGULAR FREQUENCY ORDINATE OF POINTS
C NN DISPERSION CURVES, THE NMODE MODE IS STORED FOR
4 N BETWEEN XSTUNMODE} AND KFIN(NMOOE),

[ VPMODINY *ARRAY STOPING PHASE VELOCITY ORDINATE OF PNINYS ON
c DISPERSION CURVES, THE NMODE~-TH MODE 1S STORED FOR
r N AETWEEN KST(NMODE!} AND KFIN(NWODE),

€ KWOP »=1 IF NC MOOES ARE TABULATED, OTHERNISE IT 1S 1,

c NNEGAC aINTERNALLY USED FREQUENCY TRANSMITYED AMONG SUBROUTIN
(4 THROUGH CCMMON

¢ VPHSEC SINTERNALLY USED PHASE VFLOCITY TRANSRITTED AMONG

[ SUARNUTINES THROUGH COMMON

I THETKP =SANE AS THETK

4

4 menaEXANPLEwnam

c

¢ SUPPNSE VTHE TABLE OF INMODE VALUES 1S S SHOWN AELOW WITH

¢

=220~
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ALLM
ALLM
ALLN™
ALLM
ALLN
ALLw
ALLY
ALLM
ALLM
ALLM
ALLY
ALLM
ALLY
ALLM
ALLY
ALLM
ALLM
ALY
ALLn
ALem
ALLM
ALLM
ALLM
ALLM
ALLY
ALLM
ALLM
ALLM
ALLM
ALLn
ALLM
ALLM
ALLM
ALL™
ALLM
ALLM
ALLM
ALLY
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLY
ALLM
ALLM
ALl
ALLM

£

R

ot

101
102
103
104
108
106
107
108
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
128
126
127
128
129
130
131
132
133
134
138

136 PROGRAM

137
138
139
140

ALLNOD
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r LYY R Y T NROW=he MOL=10
[ 430emnpyon-
[ (XX 2P Y IF MAXMOD=10, YOU SHOULD FIND MDFEND=6,
[4 Secntttmea
¢ See=0e00ee KST{l)i=y  KFIN(1)=4 OMMOD(1-36) SHOULD AE
c S44=200400 KST(2)x8 KFIN(2)=10 VPHOD{1~36) TABULATED
(4 KST{2)=s1l KFINI3)s2]
[# KSTt4)s22 KFIN{&4)=2S
€ KST(SI1=30 KFIN{S1=34
4 KST{6)=35 XFIN(S}=38
Cc
o
€ ~===PROGRAM FOLLONS RELOW-~=-
s
[
SUBROUT INE ALLMODINROWNCOL ¢ MAXMCN MOFND oOMo VP o XSToKF I N, NMMON,
1 VPMON INMODE, THETK oKWCP)
c
DIMENSION CI(100),VvXI(100),VYI(100),HE(100)
DIMENSTION OM{1) o VP{1) oKSTUII4KFINIL),OMNCD(1) VP OD(1) o INMIDELL)
COMMON IMAX4CTo VXTI VYT oRT OMEGAC o VPHSEC o THETKP
c
C STNRE THETK IN COMMON
THETKP=THETK
¢
C AT THIS POINT, WF HAVEN=T FOUND ANY MODES
MNFEND=0
[4
r ME START SE.RCH FOR FIRST MNDF IN LOWER LEFT CORNER OF INMODE ARRAY,
€ WE SEEX A POINT WITH INMODF ,NF, 5 WHERE THE NMDF EXISTS,
NMONE=]
KSTINMODE )=
1ST=NROW
[y
C THE SEARCH GOES TN THE RIGHT, IF WE DON=T FIND A POINT IN THE BOTTOM
C POWe WE TRY THE (NROW=1)-TH ROW, ETC, AT STATEMENT 2 WE ARE STARTING
C AT THE LFFT NF A GIVEN ROW.
2 JST=]
3 JO=INMONEC (JST=1 )SNROW+IST)
IFL10 «NE. %) G2 TN 10
[
C IF JST IS NNT NCOL WE GO T THE RIGHT,
IF{JST (FQ. NCOL)Y GO TO 8
JST=5STe]
GN TN 13
(4
C AT THIS POINT WE HAVE EXHAUSTED AN ENTIRE ROWe WE GO TO THE NEXT
C FIGHER ROW PWIDED IST (NE, 1. 1IF IST IS 1, THE ENTIRE SET OF
£ INMODES ARF o,
& TFUISY «EQs 1) GO TO 7
1ST=1ST-1
GO Tn 2
[
T HRITE (AheN)
& FORMAT{IHO+51KTHE NORMAL MODE OISPERSION FUNCTION DDES NOT EXIST
1 26HFOR ANY POINT IN THE ARRAY / 1H ,22KALLMOD RETURNS KW0P=-1)
9 K¥QOP=-~1
RETURN
c
C STATEMENT 10 IS START OF LOOP, EACH PASSAGE THROUGH LOOP CORRESPONDS
C TN A GIVEN MDDE,
10 CALL NXMONELIST, ST NCOL ¢+NROW ¢ INMODE s 1 FNDs JFND+KEX )
C
€ 1F YOU CANNOTY FIND THE FIRST MODE YOU ARE (N TROUBLE

[FINNNNF (NE. 1) GO TO 15
IFIKEX (EQ, 1} GC TN 15
WRITE (6411)
11 FORMAT(1HO, ISHNXMODE COULD NOT FIND THE FIRST MODE/ 1M ,
122HALLMAN RETURNS KWOP=~1}
60 YD 9

~-221-

ALLM
MLN
ALLM
ALLW
ALLM
ALLM
ALLM
ALLM
ALLNM
aLL#
ALLm
ALLM
ALLH
ALLM
ALL™
ALLM
ALL™
ALLM
ALLM
ALLM
ALLM
AR
ALLM
ALLN
ALLM
AL
ALLM
ALLM
ALLM
ALLN
ALL™
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALiLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLM
ALLNM
ALLM
ALLM
ALLM
AtLm
ALLM
ALLM
ALLM
ALLm
ALLM
ALLM
ALL™

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
189
160
161

162
163
164
165
166
167
168
16%
170
171

172

173

174

175
176
177
178
179
180
181

182
183
184
185

186
187
188
189
190
191

192
193
194
198
196
197
198
199
200

201

202
203

204

205

206
207
208
209
210

PROGRAM
ALLMOD
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(2 X 2]

[aXa Xl

(2 X 2]

DO (2 3a)

[2Xals]

IF THE MODE SDUGHT 1S NOY THE FIRST AND YOU CANNOT FIND IT. THEN THE
RETURN [S CINSTDERED SATISFACTORY,
15 FF(KEX .EQ. ~1) GO VO 50

WE NOW TABULATE THE NMODE-TH MODE °
CALL MCOETR{IFND o JFNOoHMCDE o KST o KFINo ONNCD oV PNOD, NROW, NCOL o INMODE s
1 OMo VP, KRUD)

17 1S DOUBFWN. THAT KRUD COULD RE -1, HOWEVER. IF IT DID HAPPEN: WE
WNULD LIKE YO KNOW THAT 1T 010,
TFCRRUD +FQ. 1) GO YO 30
HRITF (8421) NHODE. 1FND.JFND
23 FORMAT (1H0+23HMODETR RETURNS KRUD==1,¢2X¢25HCURRENY VALUE OF NNNDE
1 1Se 14+ 3He o SHIFNO=e 1443H, o SHJIFNDs, 14/ 1H +2THSEE DOCUME
2NTATION OF ALLMND)

WE KEEP NMODE THE SAME AND TRANSFER CONTROL TO STATEMFNT 38
6N TN 1§
10 MDFNOsMOENDe

THIS 1S THE CURRENT NUMBER OF MODES FOUND.

WE NOW CHECK IF THIS IS MAXMOD, 1F IT IS, YHE RETURN IS WITH KWOP=1,
TF{MOFND .EQ, MAXMOD) GO T0 50
NMNDE=NMODE +1
KSTENMODF ) =KFINI NMODE-1) 1

WE SEEK NEW IST AND JST BFFORE CALLING NXMODE.
35 10=INMODF{(JFND~1)*NXNW+IFND)
TFUIFND LEQ, 1) GO TO 40

WE CHECK INMOOE OF POINT AROVE
TUP=INNODE( ( JENN=1) =NROWS [ FND-1}

IF THIS 1S ~10, THE POINT AROVE IS THE ONE DESIRED
TF(IUP oNE, ~10) GO YO 40
1ST=1FND-1
JST=JFND
GO 0 10

WF CHECK INMODE CF POINT TO RIGHT, THERE IS NO PLACE TO GO [Ff JFND=
NCOL. THIS IS INTERPRETED AS SUCCESS PROVIDING MOFND oNE. O.
40 IF(JFND oNE., NCOL) GO TO 43
GO0 Y0 50

IRT 1S INFODE OF POINT TO RIGHY
43 IRT=INMONE( (JFND ) SNROW+1FND)
IFCIRT (NE, ~10) GO TO 4%
"STsIEND
JSTsJFNDeL
6n 10 10.

THE SEARCH MAS TERMINATED, 1IF MOFND»0, WE HAVE BEEN UNSUCCESSFUL.
50 IF(MOFND .EQ. 0) 60 TO 9

KWOP=1

RETURN

£8D

222~

ALLM 211
ALLM 212
AlLm 213
ALLM 214
ALL™ 218
ALLN 216
ALLMN 217
ALLN 218
ALLm 219
ALLM 220
ALLN 221
AtLs 222
ALL® 223
ALL® 224
ALLM 228
ALLm 226
ALLM 227
ALLR 228
ALLM 229
ALLm 230
AtLw 23t
ALLM 232
ALLM 233
ALLN 234
aLLm 238
ALLM™ 236
ALt 237
ALLN 238
ALLM 239
ALLM 240
ALLM 241
ALLM 242
AL 243
ALLM 244
ALLN 248
ALLK 246
ALLK 247
ALLMN 248
ALLM 249
ALLN.280
ALLn 25}
ALLN 252
ALLM 253
ALLM 254
ALLM 258
ALLM 256
LN 257
ALLM 258
ALLM 259
ALLN 260
ALLM 281
ALLM 262
ALLM 263
ALLM 264
ALLM 268
ALLM 258
ALLN 267

PROGRAM
ALLROD
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¢ ANANT (SURROUT INE) 7721768 AmaN 1
3 [# AMAN z
2 S c —=e=ARSTRACT~n== AMBN 3
F 3 - AMRN 4
. ¥ € TITLE - AMANT AMAN S
T C THIS SUBROUT INE CNMPUTES THE AMBIENT PRESSURE IN NYNES/CMe#2 AMBN 6
B ¢ AT A GIVEN ALTITUDE 7 KW BRY USE OF THF EQUATION :::: ;
; t :
. 3 PRESUR = (1,E6)SEXP{~INTEGRAL FROM 0 TO 7 OF GAMMASG/(#%2) :::n 1:
¢ N
c WHERF 1,E6 NYNES/CN&82 1S THE AMRIENT PRESSURF AT THE GROUND, AMBN 11
r GAMMARY, 4 TS THE SPECTFIC HEAT RATIO FOR AIR, G=,0098 AM/SEC*®2 AMBN 12
1 c 1S THE ACCELERATION OF GRAVITY, AND C IS THF ALTITUDE DEPENDENT AMBN 13
r SNUND SPFEN IN KM/SEC, THE ABOVE ENUATINN FOLLOWS FROM THF AMBN 14
y r HYDRNSTATIC EQUATION DIPOI/DZ = -GRRHOO AND THE INEAL GAS LAW AMBN 15
y c Can2 = GAMMA®PO/RHON, AMBN 16
: c AMBN 17
f 4 THF SOUND SPEED PROFILE S THAT OF A MULTILAYER ATMOSPHERE AND AMBN 18
) g: ¢ 1S PRFSUMED TC AE STORED IN COMMNN BEFNRE EXECUTINN, THF AMBN 19
3 a{ r PROGRAM ALSO RETURNS THE INDEX | OF THE LAYFR IN WHICH 7 LI1ES, ANMBN 20
¥ r AMBN 21
§ £ PRAGRAM NOTES AMBN 22
i r AMBN 23
: ¢ IN THE EVENT THAT THE INPUT VALUE OF 7 SHOULD BE NEGATIVE AMBN 24
i o THE FIRST LAYER TS ASSUMED T7 HOLD FOR 7 (LT, O WITH THE  AMBN 25
: c AMBTENT PRESSURF STILL EQUAL TO 1.F45 AT 2=0, THE PROGRAM AMBN 26
' c RETURNS PRESUR ,GT. 1,66 AND T=l. AMBN 27
c AMBN 28
C LANGUAGE - FORTRAN [V (360, REFERENCE MANUAL C2R-6515-4) AMBN 20
C AUTHNR ~ AuD,PIERCE, MaloTes JULY,196H AMBN 30
L c AMBN 31
c ====CALLING SEQUENGE~=-==~ AMAN 32
’ - ¢ AMBN 33
. C SFF SUBROUTINF PAMPNE AMBN 34
[ NIMENSTION CT(10014VXI(100).VYI{100)4HI(100) AMBN 35
c COMMNN  TMAXoC B, VXI,VYIlHT (THESE MUST RE STORED IN COMMON) AMBN 36
C CALL AMBNTU7,PRESUR,I) AMBN 37
3 ’ c AMSN 38
F ¢ ~==-EXTFRNAL SURROUTINFS REQUIRED-~-- AMBN 39
3 AMBN 40
¢ ND EXTERNAL SURROUTINES ARF REQUIRED. AMBN 41
€ AMBN 42
r ~===ARGUMENT LI$T==== AMBN 43
€ ANBN 44
C 7 R¥g ND INP AMBAN 45
C PRESUR R*4 ND out ANBN 46
c 1 1% ND nyr AMBRN 47
c AMAN 48
C COMMON STORAGF USED AMBN 49
C COMMON TMAX4CI VXL VYT HT AMBN 50
c AMBN 51
r IMAX I*4 ND INP AMBN 52
c ct . Re4 100 INP AMBN 53
r vxi R®4 100 INP  {NOT USEC 8Y THIS SUSROUTINE) AMBN 54
¢ vy1 LR YA 100  INP  INOT USED BY THIS SURMROUTINE) AMBN 5%
£ H1 R%6 100 INP AMBN 56
c ANAN 57
r —eeeINPYTS§nenm AMSN 58
. AMBN 59
c 7 =HEIGHT IN KM AMBN 60
c tMAX =NUMBER OF ATMOSPHERIC LAYERS WITH FINITE THICKNESS AMBN 61
C cren =SOUND SPFFED (KM/SEC) IN 1-TH LAYER AMBN 62
c '23188) =X COMPANENT PF WIND VELOCITY (KM/SEC) IN I1-TH LAYER AMBN 63
r vyrer) =¥ COMPONENT 0OF WIND VELOCITY (KM/SEC) IN T1-TH LAYER AMBN 64
€ ML) *THICKNESS IN KM OF I-TH LAYER AMRN 65
c AMBN 66 PROGRAM
r —==—OUTPUTS ===~ AMBN 67 AMANT
¢ AMSN 68
c PRESUR =AMRIENT PRESSURF [N DYNES/CM®#2 AT ALTITUDNE ? AMBN 49 PAGE
r 1 2INNEX NF LAYER IN WHICH 2 LIES ANAN  TO 19
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AL4

€
c weesPROGRAM FOLLOXS AELCW-=w-
(A
SUBRAUTINE AMANT (2,PRESUR, I}
c
C DIMENSION AND COMMON STATEMENTS .
DIMENSTION CICI00).VXT12000.VYI{100).HI(100)
COMMON TMAXLCT VXTI ¥YE,H]
¢

C THF FINAL VALUE OF ENPON WILL BE THE INYEGRAL FROM O YO 7 OF
€ ~GAMMASG/C42, THF MUNNING VALUE WILL RE THF SUBTNYAL,

ENPIN=0, 0
e
€ THE RUNNING VALUE OF T WILL AE THE LAYER AEING CINSTOERED
1=l
€ 7 LIES IN LAYFR 1 TF INAX=Q,
1T=0,0
TFUINAX ,EQ. 0) GO TO 30
d
C TNP OF FIRST LAVER
1TsHIt1)
IS

€ THE START OF A LOOP. THE CURRENT ZT NENNTES THE TOP OF THE [-TH LAYER

10 IFC 2 6T, 2T 3 GO TO 20
C
C 7 LIES IN 1-TH LAYER
€ 7T-HILI) IS HEIGHY OF BOTTON OF [~TH LAYER
C 7=7T+HTLTY IS OISTANCE OF 7 ABOVE BOTTOM OF [-TH LAVER
ENPONSENPON=1,48(,0090/CT (1) 002)8(2-2THHI( 1))
12 6O Y0 40
4
€ 7 LIES AROVE YOP NF 1-TH LAYER
20 ENPONSFENPON=1,4%(,0098/CI{ 1) e22)HI(T)

€ THE CURRENT ENPON 1S THE INTEGRAL OF -1,4%G/C*#2 UP TD THE TOP

C NF THE 1-TH LAYER
=1+
1F{T +GT, TMAX) GO TO 30
ITnFTeHILT)

C 7Y 1S THE TOP OF THE NEW 1-TH LAYER
60 10 19

€ END OF LNOP

c

C 7 LIES IN UPPER HALFSPACE
30 ENPONSENPON=1,4¢(,0098/C1(1)8%2)%{2-1IT)

c
C CONTINUING FROM 12 OR 30
40 PRESUR=L,EA*EXP(ENPON)
RETURN
END

=224~
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ANAN
ANAN

AMBN
APBN
AMEN
AMAN
AWBN
AMBN
AMBN
AMBN
AMSN
APSN
AMBN
ANSN
AMBNM
AMBN
ANBN
AMBN
AMBN
ANBN
AMBN
AMBN
AMEN
AMBN
AMBN
ANBN
AMBN
AMBAN
AMBN
ANBN
AMBN
AMBN
AMBN
AMBN
AMBN
AMBN
AMBN
AMBN
AMBN
AunN
ANBN
AMBN
AMBN
ANBN
AMBN
AMSN
AMBN
ANBN
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L [ ATMOS (SUBROUTINE) 6719768 ATHO 1
r ATMO 2
|4 c ATHO 3
i € cea=ABSTRACT ~ou= ATHD &
i ‘ ATHD S
i c . ATMD &
i C TITLE - ATHOS atan 7
L c TABULATION 3F WIND VELOCITY COMPONENTS AND SPEFD OF SCUND FOR ATMD 8
¢ o ALL LAYERS OF MODEL ATMNSPHERES ATHO 9
i ¢ ATHO 10
: [ THE MODEL ATHOSPHERE CONSISTS CF UP TO 100 ISOTHERMAL ATMO 11
; ¢ LAYERS €THE TOP LAYER BEING INFINITE), EACH LAYER MAY AT 12
i [ HAVE A UNTOUF TEMPERATURE, THICKNESS AND WIND VELOCITY, ATMO 1)
. ¢ SURRQUT INF ATMNS CONVERTS AN INPUT DESCRIPTION OF YHE ATHO 14
‘ c ATMOSPHERF*S PROPERTIES INTO ONE MORE APPROPRIATE FOR THE ATMP 1S
(o CALCULATIONS TO FOLLOW (SUCH AS EVALUATION OF THE NORMAL ATMO 16
B [ MNOE DISPERSION FUNCYION IN NMOFK, DESCRIBED ELSEWMERE IN ATMO 17
) c THIS SERIES). ATMD 18
4 ATHY 19
2 LANGUAGF - FNRTRAN IV {360+ REFERENCE MANUAL C28-5%15-4) ATHD 20
g ATMO 21
C AUTHNRS =~ A DPTERCE AND JoPDSEY, MoloTes JUNE, 1968 ATMO 22
c ATMO 23
(4 ATMO 24
r —w==l)SAGE--=~ ATMO 28
c ATMD 26
c IMAX MUST BF STORED AS THE FIPST VARIABLE [N UNLABELED COMMAN WHEN ATMQ 27
c ATMOS 1S CALLFD, ATHO 28
r ATMO 29
. c NO FORTRAN SURROUTINES ARE CALLED,. ATMD 30
r ATMO 31
C FORTRAN USAGE ATMD 32
r ATMD 33
c CALL ATMOS(T «VKNTX,VKNTY,21,WANGLE W INOY o LANGLE) ATMD 34
. c ATMO 35
¢ INPUTS ATMO 36
r ATMO 37
C TMAX NUMBER OF LAYEPS OF FINITE THICKNESS IN THE MODEL ATMOS-  ATMO 38
¢ 1% PHFRF,  1.LFoIMAXLLEL99 ) ATMD 39
t ATMD 40
¢ T T(1} 1S TEMPERATURF OF LAYER 1 IN MODEL ATMOSPHMERE. ATMO 41
c R*4 (0} (DEGREES KELVIN) ATMD 42
c ATMO 43
[ VKNTX VKNTX(T) IS WIND VELOCITY COMPONENT IN X-DIRECTION (WEST ATMO 44
¢ R®4(NY TD EAST) FNR LAYFR . (KNOTS) ATMO 45
C ATMO 46
c VKNTY VKNTY{T) IS WIND VFLOCITY COMPONENT IN Y~DIRECTION (SOUTH ATMO &7
¢ e%4(N)  TO NORTH) FOR LAYER I, (KNOTS) ATHO 48
c ATMO 49
c | TI01) IS THE HEIGHT ABOVE THE GROUND OF THE YOP OF LAYER ATMO 50
C RE4INt Jo (KM} ATHD 51}
c ATMD S2
C WANGLF WANGLE(I) IS WIND VELOCITY DIRECTION FOR LAYER I, RECKONE ATMO 53
c RE4{D)  COUNTFR CLOCKWISE FROM THE X-AX1S, (DEGREES) ATHMO 54
¢ AYHD S5
¢ WINDY WINDY(1) IS MAGNITUDE OF WIND VELOCITY IN LAYER 1, ATM0 56
c R*4(D) (KNOTS) ATMO 57
3 r ATMD S8
c LANGLE SPFCIFTES WHICH SORT OF WIND DAYTA IS INPUT, ATMO 59
c 14 IF LANGLE.LE.O » VKNTX AND VKWTY ARE INPUT. ATMO 60
r IF LANGLE,GT.0 o WANGLE AND WINDY ARE INPUT, ATMO 61
¢ ATMO 62
€ AUTPUTS ATMD 63
C THE QUTPUTS ARF STORED IN UNLABFLED COMMON I[N THE FOLLOWING ATMD 64
C NRNER, REGINNG IN POSITION 2, ATMO 65
c CI{100)VXI{100).VYI(100)H1(100) ATMO 66 PROGRAM
c ATHO &7 ATHMOS
i c I CT(1) 1S THE SPEED OF SOUND IN LAYER | OF THE MOOEL ATMOS ATMO 68
C R*4(D) PHEPF, | KM/SFC ) ATMD 69 PAGE
c ATMD 70 21
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Xy VXT(T1) IS WIND VELOCITY COMPONENT IN X-DIRECTION (WESY YO
R&&(D) #4STY FCR LAYER . ( KM/SFC )

vyl VYI{I) IS WIND VELQCTTY COMPONENT IN Y-DIRECTION (SCUTH
R®4(N) TN NORTH)} FOR LAYER [, ( KM/SEC )

HI HICT) [S THE THICKNESS OF LAYER I, ( kM }
LALI ]

~-~=-PROGRAM FOLLNWS BELOW~~-~

SUAPOUTINE ATUAS{T VKNTX, VKNTY 21+ WANGLE oW INDY o LANGLE)

DIMENSION CT{100),VXI{100),VYI{100)HE(100}
DIMENSION T(100),VKNTX{1001,VKNTY(100)+21(100}
NIMENSTIN WANGLE (1000 ,%INOY(100)

COMMON [MAX O VXTI VY] NI

JET 1S TOTAL NUMBFR CF LAYERS,
JET = IMAX + 1
TMAX = JET -}
1F (LANGLF (LEs C) 60 TO 20
Ny = 3.1"!5977 / ‘8000
N3 1S THE NUMREP NF RADIANS IN A DEGREE

IF VKNTX ANN VKNTY WERE NOT INPUT, THEY ARE NOW DETERMINED FROM WINCY
AND WANGLEF,
NN 5§ [=21,FT
VKNTX(T) = WINDY{T) » COS(DISWANGLE(I))
& VKNTY(T) = WINDY(I) & SIN(D3ISWANGLE(I))
2001 = l.4 * A,3144 = 0,001 / 29.0
D2 1S THE NUMBFR OF KM/SEC PFR KNOT,
N2 = 0,0005148

PN 30 1 = 1.JET

THF SPFFD OF SNUND = { GAMMA ¢ P / RHN ) FOR PERFFCT GASy AND { P/RHO
= (&R ~T1T)
R 1S THF (UNTVERSAL GAS CONSTANT!/(MOLECULAR WEIGHT)

CILI) = SORT(NI=Y(1))

t N2 & VIKNATS) )} = VIKM/SEC)
vXI{t) 2 N2 = VKNTX(T)

30 VYELL) = 02 * VKNTY(I}
IF( TMAX LEQ. O) RETURN
HItL) = 204
IF(In oFQe 1) RFTURN
D7 40 132, IMAX

40 HI(LY = 2341) - ZH(EI=1)
RETUYRN
FND

-126~

ATHO
ATHD
ATHD
ATHD
ATMD
ATHO
ATHD
ATMD
ATMO
ATMD
ATHO
ATMD
ATuo
ATHO
ATHMO
ATHg
ATMD
ATMD
ATMO
ATMD
ATHD
ATNO
ATMD
ATHD
ATMO
ATMD
ATMO
ATMD
ATuO
ATMO
ATMOD
ATMO
ATHO
ATMO
ATMO
ATM0
ATMO
ATNN
AT MO
ATNO
ATMD
ATMO
ATM0)
ATMO
ATMO
ATMD
ATMO
ATHD
ATHO
ATMOD
ATMO
ATMO
ATHD

123

PROG RAM
ATNOS
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. [ BBAR {SURROUTINE) 1725768 ARNB 1
} C saes 2
N ¢ ==ecABSTRACT==~~ S8A8 3
; i ARAR &
. € TITLF - BARAR (111 I
; [ THIS SURROUTINE COMPUTES THREE FUNCYIONS R1+R2+R3 OF A VARIAALE BABA [}
c Xo THESE ARF DEFINED FOR X ,GE, 0 BY THF FORMULAS LLTT .
C BARR 8
f Ri= 1,0 +SINHIZ2Y}Z(2V}Y ARSS 9
[ ABBs 0
[ R2= [SINKHI2Y} 2Y - 1,0)/Y%s2 ABAR 11t
c sess 12
c Rz {COSHI2Y)-1,0)/Yee2 R8s 13
r ARBR 14
r WHERF Y= SQPT(X)., FORMULAS FOR NEGATIVE X MAY RF OBTAINED BY Asas 15
[ ANALYTIC CONTINUATION, FOR SMALL VALUES NF X, THE FUNCTIONS NSRS 16
¢ ARF COMPUTABLE RY THE POWER SERIES 88an 17
[ BA83 18
r Rlxz 2 ¢ &X/(3FACT) ¢{4X)®82/(SFACT) ¢ (&X)Is3/{TFACT) ¢c0e 8888 19
o asse  2C
C R2=z &/ (3FACT) 4 4%(4X)/(SFACT) ¢ &=(4X,=€2/{TFACT) 4,4, BARS 21
r 8B8R 22
c R3z &4/7(2FACT) ¢ 4w(4X)/{4FACT) ¢ 4S(4X)18%22/7(6FACT) 4500 ss88 23
c BABS 24
¢ THE MANNER IN WHICH THESE PARTICULAR FUNCTIONS ARISF IN THE 8888 2%
o THENRY COMES FRIOM INTEGRATIONS OVER VARTOUS PRNDUCTS OF CAT(X)  BABB 26
4 AND SAT(X), TN PARYICULAR, FOR X PDSITIVE, ABA8 27
r fsars 28
[« Rl= (2/Y){INYEGRAL ON Y FROM 0 TO Y OF (COSHIY))*#2) ABB8 29
[ fAses 30
r R2x (2/ye*3){ INTFGRAL ON Y FROM O TC Y OF (SINH{Y))%*2) aGss 31
. c 8BRR 32
T P3x (4/Y*¥%2) (INTEGRAL ON Y FRGM O TO Y OF SINH(Y)®COSHIY)) 8888 33
c 2888 34
4 WITH Y=SORT{X}, THE CORRESPONDING FORMULAS FOR X NEGATIVE CAN  BB8A 15§
[4 RE OBTAINED BY REPLACING SINM AND COSH RY SIN &ND CNS, RESPEC- BR8A 36
. e TIVELY, AND BY REINTERPRETING Y AS SQRT(-X), 88R8 37
r BBBB 38
¢ L ANGUAGE - FORTRAN [V (360, REFERENCE MANUAL C28-6515-4) 8888 39
€ AUTHOR ~ A,D.PIFRCE, M 1,T.y JULY,1968 BARR 40
r BABA 4}
c ~~~<CALL ING SFOUENCE---~ ARB8 &2
r ABBB &3
¢ SFF SUARNUTINF FLINT 1)L Y
c Xz 8888 45
¢ CALl BRAR(X,R1,R2,R3) RBBB 46
¢ 8888 47
[ -=-=EYTERNAL SUBROUT INES REQUIRED---- BBBB 48
r BABE 49
c CAl, »AlL LIT.L.I Y
¢ BagR 51
¢ ‘ ce==ARGUMENT LIS§T=-=- 8888 52
c 8888 53
r X Reg NO INP BBB8 54
C Rl Pes N nuyT 8888 5%
¢ R2 Reg ND [1.Th BBAR 54
r R3 R®4 NG out BBAR 57
¢ assp 58
€ NN COMMON STORAGE 1§ USFD R8BB 59
! B8BA 60
o «---PROGRAW FOLLOWS BELOW---- aRBB 61
‘ BBBR 62
SURRNUT INE BARRIX,R1,RZ,R3) 8868 613
S=SAT (4,08} RBBR &4
TE(ARSIX) AT, 1,E-2) GO 7O 3 B8BB8 65

¢ 8BBR 656 PROGRAM

€ COMPUTATINN FOR SMALL X RABB 67 BABA

R292.0/3,0002,0/15,012X3(4e0/315.0)%X**2412,0/9.0)8x%e3/315,0 ARAR 63

R322,042,08X/3,0% ,08X8%2/45,042,08X%%3/315.0 RRBR 6¢ PAGE

6O T0 4 RBBR 70 23
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C COMPUTATION FOR x NPT NEAR Z8eD
3 R2=x{$-1,00/X
R (CAT (4, 0¢X)-1,01/X

c
€ COMPUTATINN OF R1 FAR ARBIYPARY X
4 R1el, 048
RETURN
END
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75
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¢ CAl (FUNCTION) 1725/76% CAl 1
r CAt 2
(4 cwcaAASTRACT=~=~ caf 3
3 C CAl 4
r TITLF - At : car S
(o PRNGRAM TO FVALUATF FUNCTIOH CAI(X) FOR GIVEN VARIABLE X, CAt (]
[ TF X IS NEGATIVE, CAI{X)= COS(SORT(-4})s IF X IS POSTTIVE, CAt k4
c CATIX)= COSHISORT{ex)), THE FUNCYION IS ALSO REPRESENTABLE CAl ]
c RY THE PNWFR SFRIFS CAl 9
C CAl 10
c CALIX)= 1 & X/Z(OFACT) ¢ Yu22/(4FACT) ¢ X®%3/(6FACT) ¢ 00 CAf :l
3 C CAL 2
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-5515-4) CAl 13
C CAT 14
€ AUYTHOR ~ AeDPIERCE, M 14Ty JULY,192 CAT 1%
L -we=CALLING SEQUENCE-=w- CAl 16
c CAr 17
r CATCANY R*4 ARGUMENT) MAY RE USED IN ARITHMETIC EXPRESSIONS C:l 18
[ cAar 19
¢ ~~=eFXTERNAL SURROUTINES REQUIRFD~-~- CAt 20
¢ cat 21
r NN EXTFRNAL SURPOUTINES APE RFQUIRED CAl 22
r CAl 23
3 === ARGUMFNT LIST=w== CAl 24
c Car 28
r X LA ND INP Cat 26
C cat Owy ND oy CAt 27
r. CAl 28
C NN COMMON STARAGE IS USED CAt 29
[+ CAl 30
d r -n==PROGRAM FOLLOWS AELOW-~~- [of % B )}
' ¢ CAr 32
FUNCYION CATIX) CAT 33
) ¢ CAl 34
fFIX »GF, N,0) GO TN 1] CAl 35
CAL 36
€ X IS LFSS THAN O Cal W7
10 CAT=CAS(SORT{-X)) CAL 38
RETURN CAl 39
[+ CAl 40
€ X 1S GRFATER OR EQUAL TO O CAl 4}
11 E=FXP{SORT(X)) CAYt 42
C THF HYPERBOLIC COSINE 15 COMPUTED Cal &3
FAIsQSe{E+]./F) CAl 44
RETURN CALl 4%
END CAl 46

PROGRAM

cat
PAGE
25
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ELINT (SURRQUTINE) T125/68

ceaeARSTRACY-mnm

TITLE - FLINY

TH1S SUARCITINE COMPUYES THE INTEGRAL
AINT = INTEGRAL OVER I FROM 0 TO H OF
(ALSF1(2) + A20F2(2) )82 1
YHE FUNCTIONS Fl(7) AND F2(7) ARE THE SOLUTIONS OF THE COUPLED

ORDINARY CIFFERENTIAL EQUATIONS
DF1/NL = AL1%F1 ¢ A)2¢F2 (24
DF2/01 = A21%F1 & A278F2 e

WHERF THE FLEMENTS OF THE MATRIX A ARE INDFPENDENT "F 7,

FOR GIVEN SOUND SPEED C, WIND VELOCITY COMPONENTS VX AND VY,
ANGULAR FREQUENCY OMEGA+s AND WAVE NUMRER COMPONENTS AKX AND AXY
THE A(T+J) ARF COMPUTED AY CALLING AMAA,  THE SOLUTION 70 THE
DIFFERENTTAL EQUATIONS 1S FIXFD BY SPECIFICATION OF F]1 AND F2
AT 1M,

PRAGRAM NOTES

THE GENFRAL SOLUTION OF EONS, (2) IS

FL(2) = CATUXIOFL{H)I=(H-2)¢SATIXIS(ALLISFIIH)SAL20F 2(H)
F202) = CATUXIOF2({HI={H=-2)10SAT(XISCA2IOFL1 (N} 0A220F2(H)

WITH Xa(Al18826A129A21 08 (H=2)9%2 SINCE A22=-All, WE LET

1 = (INTEGRAL OF (CAT(X))ee2)2(2/H}
R2 =(INTERRAL OF ({H=-218SAT(X]})os2)8(2/Ho%3)
#3 s{INTEGRAL OF ({H-21%SAT{X)SCALIIX)))o(4/HES2)

WHERE IN EACH CASE THE INTEGRATION IS OVER I FROM O TC H.
THF QUANTITIES R1.,R2+R3 ARE CONPUTED B8Y CALLING 0808,
THEN

AINT=(H/2){FPL)R20R 14 (HO83/2)8(FP2)0820R2
~(HE®2/72)121FPL)siFP2I0R)

WITH
FP1n ALSFL{H)+A28F2(H)}
FP2s ALS(ALIZFLEHIFALI20F2(H) JoAR(A21%FL(H) +A22¢F2{H))

HF LATTER TWO QUANTITIES REPRESENT THE COEFFICIENTS OF
CALIX) AND {H-2)8SAT(X) IN AL#FLoA2F2,

v

LANGUAGE - FORTRAN 1V (360, REFERENCE MANUAL C2R-65]15-4)

AUTHOR

= AeD.PIERCEs MoloaToe JULY 1988
====CALLING SFQUENCE==~~

SEF SUBROUTINE TOTINT
NO NDIMENSION STATEMENTS REQUIRED

CALL ELINTUOMEGA (AKX o AKYoCoVXoVY oHyFLHFZHoAL s A2, AINT)
~===EXTERNAL SURROUTINES REQUIRED~-==-
AMRA, PBRR
~===ARGUMENT L13Tewa=
MFGA Re4 ND IN?
AKX Re4y ND INP
AKY LA 1Y ND INP
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ELIN
FLIN
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ELIN
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PROGRAN
EL INY
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4 ¢ R4 ND IN? ELIN T
[# vX R4 ND INP ELIN 72
[ vy R*4 NO NP ELIN 73
(o H Red NP INP ELIN T4
c FIH Qx4 ND NP ELIN 75
r F2H Re4 ND INP ELIN T6
c Al R4 N INP ELIN 77
4 A2 Res ND IN® ELIN 78
¢ AINT L) ND our ELIM T9
e ELIN 80
f NN COMMON STNRAGF USED ELIN A8
c FLIN 82
[4 cweaINPYTS e ELIN 83
[ FLIN 8¢
4 NMFG& =ANGULAR FREQUENCY IN RADIANS/SEC ELIN AS
c AKX =X COMPONENY OF WAVE NUMBER VECTOR IN KMe&(-}) ELIN Mg
r ARY »Y COMPONENT OF WAVE NUMBER VECTOR IN KMss(-1) ELIN 87
c c =SOUND SPFED IN KM/SFC ELIN 88
r X =X COMPONENT OF WIND VELOCITY IN KM/SEC FLIN A9
¢ vy =Y COMPONENT OF WIND VELOCITY IN KM/SEC FLIN 90
¢ H sINTEGRATEON INTERVAL (LAYER THICKNESS) IN KM ELIN 91
f F1H =sVALUE OF F1(2) AT UPPEP LIMIT OF INTEGRAL ELIN 92
¢ F2u4 =VALUF OF F2(7) AT UPOER LIMIT OF INTEGRAL ELIN 93
c Al =COEFFICIENT OF F1(2) IN INTEGRAND ELIN 9%
r A2 sCOEFFICIENT OF F2(Z) IN INTEGRAND ELIN 9%
c ELIN 98
r e eNUTPYT S == ELIN 97
c ELIN 98
¢ AINT =INTEGRAL OVER HEIGHT WITH RANGE H OF THE QUANTITY ELIN 99
- ¢ (ALSFL1{7)¢A2¢F2(2))5e2 WHERE F1(2Z} AND F2(1) ARE ELIN 100
« EQUAL TO FIM AND F2H, RESPECTIVELY, AT THE UPPER ELIN 101
¢ LIMIT AND SATISFY THE RESIDUAL DIFFERENTIAL EQUATIONS ELIN 102
c FLIN 103
C ==<-=PROGRAM FGLLNOWS BELOW~w-- ELIN 104
: [ ELIN 105
SURRNUTINE EL INT(OMEGA AKX oAKY ¢CoVXo VY oHFIHoF2HoAL ¢A2AINT) ELIN 106
DIMENSION A(242) ELIN 107
CALL AAAA(CMEGA AKX AKYCo VX VYo A) ELIN 108
c ELIN 109
C CNMPUTATION OF FP1 AND Fp2 ELIN 110
FPisAL®F1HeA28F2H ELIN 111
FP2aALS{A(Y o 1) SFIHOAC L 219F2H)OA2S (A2, 1)SFIHGA(2,2) *F2H) ELIN 112
c ELIN 113
f. COMPUTATINN OF CNEFFICIENTS OF R1,R2,R3 ELIN 114
$120, SeHEFPL**2 ELIN 119
$220, SE(Hem I} #FP2es2 ELIN 116
$33-0,58(HeE2) #FPL1RFP2 ELIN 117
r ELIN 116
C COMPUTATIOR OF R1,R2.,R3 ELIN 119
Xx{A(L,1)PP24A01,2)%A02,1) V8He®2 ELIN 120
CALL AABRIX.RLI.R2,RI) ELIN 121
C ELIN 122
C COMPUTATION OF AINT ELIN 123
AINT=S1eR1eS2%R245300) ELIN 124
RETURN ELIN 125
END ELIN 126

PROGRAM

EL INT

PAGE
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, c ENMONT  (FUNCTION) 6719768 FNML )
: ¢ FNML 2
: c FNML 3
: c caeeABSTRACT=v=m FNM1 &
; ¢ FNMl S
€ TITLE - FNmMCDL . FNML 6
g EVALUATATINN OF NORMAL MODE DESPERSION FUNCTION AS FUNCTION OF  FNM1 7
r PHASF VELOCITY V FNML 8
3. (¢ Ml 9
} t THE NORMAL MODE DISPERSINN FUNCTION DEPENDS ON THREE VARI FNM1 10
) c ABLES. ANGULA® FREQUENCY NMEGA, PHASE VELOCITY V., AND FNMl 1}
! ¢ DIRECTION OF PROPAGATION THETK, FNMOD1 OBTAINS V THROUGH FNMI 12
; ¢ TTS ARGUMENT, NMEGA AND THETK FROM COMMNN, SUAROUTINE FNM1 13
' C NMDFN IS THEN CALLED TO EVALUAYE THE FUNCTION, (SEE FNML 14
C PIERCEs JoCOMP,PHYSICSy FEB.¢1967, P,343-366 FOR DEFINI~ FNM1 13
c TION OF NNRMAL MODE DISPERSICN FUNCTINN,) . FNMY 16
c FNMYl 17
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C2R-6515-4) , FNMY 18
c FNND 19
C AUTHNRS - AsN.PIERCE AND JoPOSEY, MoIoTes JUNE,1968 FNML 20
C FNML 21
€ FNMl 22
r ~==cUSAGF~==- FNML 23
r FNML 24
c NMERA MUST RE STORFD TN WORD POSITION 402 OF UNLARELED COMMON, AND FNM1 25
C THETX MUST RE IN POSITION 404, FNMYL  2¢
d FNMY 27
C FNMONY CALLS SURRNUTINE NMOFN WHICH CALLS AAAA AND RRRR, RRRR FNM1 28
¢ CALLS AAAA AND MMMKM, ALL THESE SUBROUTINES ARE DESCRIBED FLSE- FNM1 29
c WHERE TN THIS SFRIFS, FNML 30
(d FNML 31
€ CALLING SEQUENCE FNM1 32
r FNM1 33
- c COMMON CM1(401),0MEGA +CM2, THE TK FNM1 34
G OMEGA = XXX FNM] 35
2 d THETK = XXX FNM1 36
A ¢ vV o= XXX FNM] 37
. C FUNCTN = FNMODTLV) ENML 38
t ¢ FAML 39
€ INPUTS FNM1 40
r FNML 41
2 C v PHASE VELOCITY (KM/SEC), FNMY 42
r Rey FNML 43
f. FNMY &4
¢ OMFGA ANGULAR FREQUENCY (RADIANS/SEC), FNML 45
o R4 FNM1 46
¢ FNML 47
¢ THETK PHASE VELOCITY DIRFCTICN MEASURED COUNTER-CLOCKWISE FROM  FNM1 48
C =6 X-AXLS, FNM1 49
¢ FNM1 50
€ NuTAUTS FNML 51
A . FNML 52
- r THE ONLY OUTPUT 1S THF VALUE OF THE NORMAL KODE DISPERSION FUNCTION FNMl 53
: r €NG THE VALUES OF Vo, OMEGA, AND THETK WHICH HAVF BEEN INPUT, FNML 54
c FNMY 58
¢ FNM1 56
4 eenePPOGRAM FOLLONS BELOWN-~-- FNMY 57
‘ FNM] S8
r FNML 59
FUNCTION FNMNDL(V) FNMY 60
c FNML 61
NIMENSION CT{100),vX1{100},VYI(100) eHIL100) FNML 62
COMMNN TMAX G CT o VXToVYToHT,CMEGAC,VPHSEC, THETK FNM] 63
¢ FNR1 64
¢ OMEGA AND THETK CRTAINED FROK COMMON FNM1 43
OMEGA=NIMEGAC FNM1 66 PROGRAN
CALL NMNFNIOMEGA,V, THETK oL 4FPP oK) ENM1 67  FNNODI
FN%NNL=FPP FNML 48
RETURN FNML 69 PAGE
(7)) FNRYL 70 28
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(o FNMONZ (FURCTION} 6/19/768 FNM2 1
t FN42 2
¢ Fhn2 3
[ e ABSTRACT cm=ve FNR2 L]
e . M2 S
C TITLE ~ ENMOD2 N2 6
4 EVALUATAT ION OF NORMAL MODE DISPERSION FUNCTION AS FUNCTION OF FNM2 1
(8 ANGUL AR FREOUFNCY OMEGA FNM? ]
[ FNW2 3
c THE NORMAL MONE OISPERSION FUNCTION DEPENDS GN THREE VART FNM2 10
¢ ABLFS, ANGUi AR FREQUENCY OMEGA, PHASE VELOCITY v, AND FaM2 11
C OIRFCTYION OF PROPAGATION THETK, FNMNO2 OATAINS OMEGA FNN2 12
c THROUGH 1TS ARGUMENT .Y AND THETK FROM COMMON. SURROUTINE FNM2 13
y c NMDFN 1S THFN CALLED TN EVALUATE THE FUNCTION. (SEE M2 14
X ¢ PIERCE. JoCOMP,PHYSICS,y FERe 91967+ P.343-366 FOR DEFINI- FNN2 18
[ TION NF NOPMAL MONE DISPERSION FUNCYION,.} FNN2 16
[ N2 17
C LANGUAGE - FORTRAN IV {360, REFERENCE MANUAL C28-6515-4) FNM; 1:
Cc FNN 1
€ AUTHORS = AoD,PLERCE AND J POSEY, MeloTey JUNE,1968 FNM2 20
3 ENM2 21
c N2 22
[ ~ee=JSAGE==~~ FNN2 23
C FNN2 24
c V MUST BE STORED IN WORD POSITION 403 OF UNLABELED COMMON, AND FNN2 28
c THETK WUST BE IN POSITION 404, FNM2 26
C FNN2 27
r FNMND2 CALLS SUBROUTINE NMOFN WHICH CALLS AAAA AND RRRR, RRRR FNM2 28
r CALLS AAAA AND MMMM,  ALL THFSE SUBROUTINES ARE DESCRURED ELSE- FNMZ 29
[4 WHFRE IN THIS SERIFS, FNM2 v
¢ FNM2 31
€ CALLIMG SEQUENCE FNM2 32
[4 FNMZ 33
¢ COAMMON CM11402) 4V, THETK FNM2 34
s OMEGA = XXX FNM2 38
3 v o= XXX FNM2 36
c THETK = XXX FNM2 37
¢ FUNCTN = FNMCD2(OMEGA) FNM2 38
C FNM2 39
£ INPUTS FNM2 40
¢ ENN2 41
« v PHASE VELOCITY (KM/SEC). FNN2 42
4 Res ENM2 43
c ENN2 44
c OMEGA ANGULAR FREQUENCY (RADIANS/SEC), ENM2 48
r R®G ENM2 46
c ENN2 47
d THE TX PHASE VFLOC® Y DIRECTION MEASURED COUNTFR-CLOCKWISE FROM  FNM2 48
¢ R4 X-AX1S, FNN2 49
c , FNN2 S0
€ oTeyTS £NM2 51
r FNM2 52
¢ THE ONLY DUTPUT IS THE VALUF OF THE NGRMAL MODE OISPERSION FUNCTION FNM2 53
c FOR THE VALUFS OF V., NMEGA, AND THETK WHICH MAVE REEN [NPUT. FNN2 54
c FNM2  S5S
¢ FNMZ 56
c ~=-=PROGRAM FOLLONS BELOW-~-- FNM2 57
« £NM2 S8
« FNM2 59
FUNC TION FNMND2(OMEGA) FNM2 60
c FNMZ 61
DIMENSION CT(100),VXT1(100%,VYI1(100},H1(100} FNM2 62
COMMON IMAX,CT, VXY VY1 oHT,OMEGAC o VPHSEC , THETK FNM2 63
¢ FNM2 &4
€ V AND THETK OBTAINFD FROM COMMON FNM2 65
V = VPHSEC FNM2 86 PROGRAM
CALL NMDFN(OMEGAs V o THETK L +F PP ,K) FNM2 67  FNMCD2
FNMOD22FPP FNM2 68
RETURN FNM2 69 DAGE
END FNM2 70 29
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LNGTHN {SUMROUTINE) 7719788 LNGT
LNGT

LNGT

wmeeABSTRACT~=ne LNGY

. LNGY

TITLF = LNGTHN LNGT
LENGTHEN THE MATRIX INMODE RY ADDING XL ROMS BETWFEN THE N1 AND LNGY
N1+l RNWS LNGT
LNGT

LNGTHN AODS KL ELEMENTS TN THE VECTOR OF PHASE VELOCITIES INGT 10

V « DIVIDING THE TNTERVAL BETWEEN VINI) AND VINI+l) INTO  UNGT 1}

KLel EQUAL PARTS, FOR EACH NEW PHASE VELOCITY, A NEW ROM LNGT 12

DB NS PN

1S ADDED TN THE INMODE MATRIX (DEFINED IN SUBROUT INE LNGT 1)

MPOUT), INMODE 1S STORED COLUMN BY COLUMN IN VECTOR FORM LNGY 16

LNGT 1S

LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4) LNGT 16
AUTHOR = JoN.POSEY, M.1.Tos JUNE«1968 LNGY 17
LNGT 18

LNGY 19

e enJSAGE==w= LNGT 20

LNGT 21

M,V INMNDE MUST B8E DIMENSEONED IN THE CALLING PROGRAM tNGY 22
NMDFN 1S ONLY SUBROUTINE CALLED LNGT 23
LNGT 24

FORTRAN USAGE LNGT 28
CALL UNGTHN{OM,V o INMODE s NOMyNVPNVPP N1 oKL o THETK) LNGY 26
LNGT 27

INPUTS LNGTY 28
LNGY 29

oM VECTOR WHOSE ELEMENTS ARE THE VALUES OF ANGULAR FRE- LNGT 30
R*4(0) OUENCY CORRESPONDING TO THE COLUMNS OF THE INMODE MATRIX. UNGT 31

LNGT 32

VECTOR WHOSE ELEMENTS ARE THE VALUES OF PHASE VELOCITY LNGT 33

R*4(N) CORRESPONDING TO THE ROWS OF THE [NMONDE MATRIX, L:Gf 34

LNGT 33

INMADE EACH ELEMENT OF THIS MATRIX CORRESPONDS TO A POINT IN THE LNGY 236
14N} FREQUENCY (OM) - PHASE VELOCITY (V) PLANE, [F THE NORMAL LNGT 37
MONDE DISPERSION FUNCTION (FPP} 1S POSITIVE AT THAT POINT, LNGT 38

THE ELFMENT (S +1, 1F FPP IS NEGATIVE, THE ELEMENT IS LNGY 29

-1y 1F FPP DOES NOT EXISY, THE ELEMENT S 5. INMODE HAS (LNGT 40

NVP ROWS (INCREASED TO NVPP) AND NOM COLUMNS, MATRIX [S  LNGY 41

N AR AANAIANAIATIARNAAANNRATIANIANANIAAAAIANANINANANITIAAIIIIATIOAIIAIAAIARIATIANIANA

STORED IN YECTOR FORM COLUMN AFTER COLUMN, LNGT 42
NOM THE NUMBFR OF ELEMENTS IN OM, LNGT 43
1e4 LNGT 44
NVP THE NUMBER OF ELEMENTS IN V (WHEN LNGTHN IS CALLED). LNGT 45
1e4 LNGT 46
Nl NUMAER CF INMODE ROW IMMEDIATELY ABOVE SPACE IN WHICH NEW LNGY 47
164 ROWS ARE Tr AE ADDED LNGT 48
LNGT 49
Kt . NUMBER OF ROWS TOD AE ADDED LNGT 50
124 LNGY 5}
THETK PHASE VELOCITY DIRECTION (RADIANS} LNGT 52
R&4 LNGT 53
LNGT 54
nUTPUTS LNGT SS
LNGY %6
THE OQUTPUTS ARE NVPP (= NVP & XL) AND REVISED VERSIONS OF V AND LNGT 57
IN®ONE. LNGT 58
LNGT So
LNGT 60
wee=EXANPLE-=-~ LNGY 6}
LNGT 62
VALUES OF INMODE NOT VALID ~~ FOR ILLUSTRATION PURPOSES ONLY LNGT 63
LNGT 64
Vol,002.0 LNGT 65

OM=1604 200 LNGT 66 PROGRAM

INMOOE®] o=1o=101l LNGT 67  LNGTHN
CALL LNGTHN(OM Vo INMODE 42429 NVBPo1 4¢3, THETRY LNGT 68

LNGT 6% PAGE

UPON RETURN TO CALLING PROGRAR THE VALUES OF Vv AND NVPP ARE LNGY 70 30
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NVPP=§
INMODE MILL RE NF THE FORM

INMODE=L oY oYeYomlo=loV, YVl
WHERE THE v9S ARE NEW ELEMENTS, FACH OF WHICH MAY RE -1, 1,
R S .

ORIGINAL MATRIX FXPANDFD MATRIX

- -
-t Yy
KA d
vy
-4

==~~PROGRAM FOLLOWS BELOW----

SUBROUTINE LNGTHNIOM,V, INMODE s NOM NV P NVPP N1 XLo THETK)

VARTABLE DIMENS IONING
DIVENSION OM{1)oVI1) o INMODE(L)
CIMMON TMAX,CIC1001,VXT(1003,VYI(100},HTI(100?
DELVP = {VINI#1)=VINL}) /7 (KL+})
NELPP S THE INTERVAL OF PHAS VELOCITIES FOR THE ADDED ROWS.
NVPP = NVP v KL
NVPP 1S THE NEW NUMRER (OF RCWS IN THE TOTAL MATRIX,

N2 1S NEW NUMAER OF CLD RCW NO, (N1+l)
N2 = N1 ¢ KL ¢+ 1

SHIET OLD VALUFS OF VII) IN LNWFR ROWS YO [4KL SPOT9 ONE HAS TO
SHIFY THE NVP ELEMENT FIRST, NOTE THAT [ RANGES FROM NVPP TO N?
DOWNWARD WHILE J~KL RANGFS FROM NVP TO N1+l

DN Tl 1P =N2,NVP?

1 = NVPD - (]0-N2)
71 ViD= VIT-KLY

NEW VALUES OF VP ARE INSERTED INTD v
NN 72 1P=1,KL
1 = N1 ¢ 1P
T2 VII) = VINL) & TPSDELVP

BEGINNING AT THE RIGHT INMODE IS LENGTHENED COLUMN BY COLUMN
N0 90 JPs1,NOM
J = KON - {JP-1)
D9 90 1Ps1,NVPP
1 = NVPP- (1P-1)

THE 1J ELEMENT IN THE INMCDE VECTOR IS THE J ELEMENT [N THE | ROW OF
THE NFW INMNDE MATRIX
14 = (J=11¢NVPP + |

IF 1 CNORRESPONDS TN A NEW ROW INMODE(1J) MUST BE DETERMINED FRCM NMDFN

1F (TGTNILAND,T.LT.N2) GO T 9

TJOLD 1S NO. OF ELEMENT IN OLD INMODE VECTOR WHICH IS TO BE MOVED INTO

1J POSITION OF NEW VECTOR
1JNLD = (J-1)1eNyP & |

NOTE THAT I0LD 1S ALWAYS 1 IF 1 LT, N1 BUT JOLD IS I-KL [F [ oGE. N2,

1JOLD 1S COMPUTED ON THE RASIS OF NVP RATHER THAN NVPP RDWS,
IF (1.GE.N21 TJOLD = 1J0LD - XL
INMOCECTS) = INMODE(TINL DY
G) 10 80

9 CALL NMDFN{OMIJ) V1) ¢ THETK,LFPP,K}

1F FPAP EXISTS L = 1 AND INKODE(IJ) = (FPP/ABRS(FPP))
INMADE(TJY = |
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LNGT
LNGT
UNGT
LNGT
LNGT
LNGY
LNGT
UNGY
LNGT
LNGT
LNGY
LNGT
LNGT
LNGT

110
111

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
13%
136
137
138
139
140
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IF (LoFQuloANDFPPL Fo0,0) INRADE( IS} = =1 LNGT 141

c LNGT 142
¢ 1F £PP DNES MOT EXIST ¢ = -1 LNGT 143
1€ (L FQo=1) INMPNE(]J) =S LNGT 144

¢ . LNGT 148
a0 CONTIMIE LNGY 146

90 CONTINUF LNGY 147
QETHPN |NGT 14A

N LNGT 149

PROG RAW
LNGTHN

PAGE
32
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MMMKM  {SURRDUTING ) 71/25/¢8

cemcARSTPACT====

TITLE - uMMM

THIS SUBROUTINE CNMPUTES THE 2-BY-2 TRANSFER WATRIX EF wHICH
CONNFCTS THF SOLUTIONS OF THE RESTOUAL EQUATINNS AT THE TP
0F A LAYFP TN THNSE AT THE RQTTOM OF THF LAYER AY THE RELATIONS
PHIT(78i= FM(1,1)%PHIL(2B4HI+ EM(1,2)%PHI2(ZB+H)
PHIZUIRY= EM{2,L)*PHIL{ZR4H)+ EM(2,2) SPHI2(}B+H)
WHERF ZR DENOTFS THE HFIGHT OF YHE BOTTOM OF AN ISNTHERMAL
LAYFR (THICKNESS H) WITH CONSTANY WINDS, THE QUANTITIFS
PHIT(7) AND PHI2(Z) SATISFY THE RESIDUAL FOUATIONS,
D{PHEILI/D? = ALl 1)*PHILIZ} ¢ Al1.2V%PHI2(2)
DIPHI2)/DZ = A{2,1)=OKILIZ) ¢ A(2,2)*PHI2(2)

WHFRE THE A{1,4) ARF CONSTANT OVER THE LAYER AND WHERE
A(242)==A01417, ON THIS BASIS, ONE CAN SHOW THAT

EMIT4J) =CATIXI*KNELTA(T,J)-HeSAT(XI*A(T,))

WHERF
X ={8{1,1)%224A(1,2)%A12,1))oHs%?

AND WHERE KDELTA(I,J} IS THE KRONECKER NDELTA (1 IF INDICES
FQUAL, 0 CTHERWISE)s THE FUNCTEIONS CA] AND SAT ARE DEFINED [N
THE NFSCRIPTINNS OF THE CNRRFSPONDING FUNCTION SURPROGRAMS,

THE MATRIX A 1S COMPUTED FOR GIVEN FREQUENCY, WAVE NUMAFR, SOUN
SPEFD. AND WIND VELNCITY BY CALLTNG SUBROUTINE AAAA,
L ANGUAGF ~ FNRTRAN [V (360, PFFFRENCE MANUAL C28~6515-4)
A THOR - AeDPIFRCEs MoToToe JULY,1968,
-~==CALLING SEQUENCE-=---
SFF SUBRNUTINES NAMPDE,RRRR
DIMENSTION EM{2,2)
CALL MMMM(OMEGA ¢ AKX oAKY o Co VX VY HoEM)
---=EXTERNAL SURRQUTVINES RECUIRED----
AAAA,CAT.SAL
===-ARGUMENT {1§T-==~
OMFGA R*4 ND NP
AKX RE4 NOD INP
AKY RW¢ NP INP
c R€4 ND NP
vx Re& ND INP
vy Re4 ND INP
A R*4 ND INP
€M R*4 2-RY-2 0OUT

NO COMMON STORAGE 1S USED

—ea o [NPUTS-==-
NYEGA =ANGULAR FREQUFNCY IN RAD/SEC
AKX =X COMPONENT OF HORIZONTAL WAVE N IMBER VECTOIR IN 1/KM
AKY v CCMPANENT OF MORIZONTAL WAVE NUMBER VECTOR IN 1/KM
¢ *SAUND SPEED IN KM/SFC
VX =X FOMPANENT NF WIND VELOCITY [N KM/SEC
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.
vy =Y COMPONFNT OF WIND VELOCITY 1M KM/SEC
" *THICKNFSS IN XM OF LAYER
“===OUTPUT§=u=
1] =2-BY-2 TRANSFER MATRIX WHICH RELATES THE SOLUTIONS OF

THE PESIDUAL EQUATIONS AY THF TOP OF A LAYER TO THOSE
AT THE ROTTOM OF THE LAYER

~===PROGRAM FOLLONS BELOW----
SURRNUTINE MMKM{OMEGA AKX AKY Co VX VY oHo EM)
NIMENSION Al242) 0EM(2,2)

COMPUTE Atled)s CATIX), AND SAYT(X)
CALL AAAAIOMEGA AKX (AKY ,CoVX VY A)
X(AULo1)®224A0142)3402,1) I8HEs2
CACAT{X)

SA=SAT(X)

COMPUTE THE TERMS -HESATIX)®A(1,J)
TAzH&SA
00 90 =1.2
nn 90 J=1,2
0 Fu{],))=-TA2A{1,])

ADD IN CAT(X)}=KDELTALI.J) TERMS Y ADDING CA TC DIAGNNAL ELEMENTS
N0 190 [=1,2
190 EM{TLII=EM{T.104CA

RETURN
FND
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MONETR (SURRDUTINFY 6/?75/68

—==-ABSTRACT~---

VITLE - MODETR

PROGRAM T TABYLATE A TARLE OF PHASE VELOCITY VERSUS FREQUENCY
FOR A GIVEN GUIDED MODE. THE NORMAL MODE DISPERSION FUNCTION
1S 7ERQ FNR EACH LISTING OF THE TARLE. THE COMPUTATIONAL
METHOD IS RASED ON THE PREVIOUSLY COMPUTED VALUES OF THF NMDF
SIGH INMODE((J-1)SNROWST) AT POINTS (14J) IN A& RECTANGULAR
ARRAY OF NROW ROWS AND NCOL COLUKNS, OIFFERENT COLUMNS (J4)
CNRRESPOND TO DIFFERENT FREQUENCIES WMILE DIFFERENT ROWS (1)
CORRFSPIND TO DIFFERFNT PHASE VELOCITIES. OISPERSION CURVES
NF VARTOUS MOCES APPEAR ON THIS ARRAY AS LINES OF OFMARCATION
RETWEEN ADJACENT REGIONS WITH OIFFEQENT INMODES, TwO ADJACENT
POINTS WITH INMODES OF OPPOSITE SIGN BRACKEY A POINT ON THE
ACTUAL OISPERSION CURVE, (F THE POINTS CORRESPOND TO THE SAME
FREQUENCY, THEH THF PHASE VELOCITY CORRESPONDING TO THAT OMFGA
ON THE DISPERSION CURVE IS FOUND BY CALLING RTP{, A 360 PACKAGT
ROUTINE FOR SOLVING NONLINEAR EQUATIONS, AND CONSIDERING THE
NMDF AS A FUNCTION OF VPHSE WITH OMEGA FIXED, SIMILARLY, IT
THE POINTS CORRESPOND YN THE SAME PHASE VELOCITY, THE APPROPRIA
OMFGA CORPESPONDING TO THIS PHASE VELOCITY IS FOUND BY CALLING
RTMT WITH THF NMOF CONSIDERED AS A FUNCTION NF OMEGA WITH

VPHSE FIXED.

THF PROGRAM SUCCESSIVFLY CONSIDERS EACH PAIR OF ADJACENT POINTS
WITH NPPOSITE INMODES BRACKETING A LINE OF DEMARCATINN AND
PROCEEDS IN THE DIRECTION NF INCREASING FREQUENCY UNDER THF
ASSUMPTINN THAT THE PHASE VELOCITY CURVE SLOPES OCWNWARDS.

PRNGRAM NOTES

THE MODES APF NUMBERED. THE INPUT INTEGER NMODE ODESIGNAY
WHICH MODE IS REING YARULATED. THE PAIRS OF FREQUENCY
AND PHASE VELOCITY VALUES ARE SYORED AS OMMOD{KST(NMODE))
AMMON (K ST INMODE} +1) s DMMOD(KSTINMODE) +2) g0 0c oecovconnnr
NMMOD(KF ININMODE) ) , VPMOD(KST ( NMODE) ) o VPMOD(KSTINMDDE) ¢1 1},
eoeve o VPMODIKF IN(NMODE)}s THE ARRAYS OMMOD AND VPMOD

ARE USED TO STORF DISPERSION CURVES FOR ALL MCODES,

KST(NMODE) IS INPUT WHILE KFIN(NMODE) IS DETERMINED DURIN
THE COMPUTATION. THE TOTAL NUMBER OF POINTS EXTRACTASBLE
FROM THF ARRAY OF INMODE VALUES DETERHINES KFIN-KST+l,

IF A SINGLE POINT CANNOT BE CALCULATED, THE PROGRAM
RETURNS KRUD=-1, OTHERWISE IT RETURNS KRUD=1,

1 SUBROUTINE RTMI FOR SOLVING A NONLINEAR EQUATION

1S ALLOWFD A MAXIMUM OF TEN ITERATIONS TQ FIND THE

PHASE VELOCITY TO ACCURACY 0OF 1,E-%5 KM/SEC OR THE
FREQUENCY TO FOUR SIGNIFICANT FIGURES, 1F THE SEARCH IS
UNSUCCESSFUL A MESSAGE IS PRINTED AND THE POINT (S
SKIPPED OVER,

THE INPUY PARAMETFRS 1ST,JST ARE CCURDINATES CF A PUINT I
THE TINMODE ARRAY, THIS POINT SPOULD BE THAT POINT FURTHE
TO THE UPPER LEFY OF YHOSE POINTS LYIKG BELOW THME LINE OF
OEMARCATION FOR THE MODE CONSTDERED, 2ROVIDING THAY POINT
ONES NOT HAVE INMODE=S.

LANGUAGE ~ FORTRAN IV (360, REFFRENCE MANUAML C28-651%-4)

AUTHNR

~ AJNJPLERCE, NofeTar JUNE,' 968

-=~=CALLINA SFQUENCE---~

SEF SURRQUY INF ALLMOD
DIMENSION KST(1) KFIN{1},OMMOD(1),VPMODI(1), INXODE(T ), OM(L),VPLY)

{SURROQUTINE USFS VARTABLE DIMFNSIONING)

CALE MONFTRITST (ST NMODE (KST,KFIN, CHMCO,VPMODNRDW, NCAL 4 [HMODE,
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(4 I AY.vP, KRN} upTR 7
c TFL RRUN LFQ, | ) 6" SOMFRHERE uprTR 77
' ¢ unte 13
i 3 ~~-=FXTERNAL SURRAHTINGS REQUIRFD~=-= MDTR 74
. r MNTR 7S
¢ NXTPNT, PTM[, FNMOD], FNMON2, NUDEN, RAAL, OPRP, MMMM CAL.SA! upTP T8
¢ (FRMONT AND ENMNDOF CALL NMDFN, WHICH #4 TUAN CALLS AAAA AND BRRR  MNTR 77
, r QRAR FALLS AAAA AND umMp, ODESCPIPTICNS OF THFSE PROGRAMS APF MpTR 78
r GIVEM FLSEWHFRE M THIS SERIES,) MDTR 79
(3 MDTR AC
c RTYE 16 A SUBRONTENF CODED RY JAM T DETEPMIMF A S0NT 1F & GENFRAL  ¥DTR 81
4 NONLINEAR FQUATION FIX)sn RY MEANS OF MUELLES-S TTFRATINN SCHEMF MNTR A2
r NE SUCCFSSTIVE BISECTION AND INVERSE PARABNOLIC INTERPOLATION, A MDTR B3
(3 FOAMPLFTE NESCOIPTIAN AND CECX LISTING IS GIVEN IN PAGFS 198-199 AF  MDTR fg
¢ ONVCHMENT H20-0208-2, SYSTEM/360 SCIENTIFIC SURRNUTINF PACKAGF MOTR RS
¢ {350A-CM=-03%) VERSION 11, PROGRAMMER-S MaNUAL, [AM, TECHN]CAL MDTR 86
¢ PURL TCATINNS OEPARTMEMT, 112 FAST PNST ROAD. WHITE PIAINS, N,Y, “pTR  R7
r 10601, Py [SHED 1944, 1967, NDTR A8
s 4DTR RQ
¢ ~-=~ARGUVYENT { [CT=cux MDTR 90
¢ MOTP 91
f Isr 124 ND INP MpTR 92
3 st 124 NO NP MDTR 92
c NUNNE LR N0 NP MOTR 96
r 131 (AT VAR INP (ONLY KST(NMODF) NEEDEN) MOTR 9%
‘ KFIN v VAR OUT (ONLY XFININKCDE) COMPUTED) MOTR 96
3 LLL UL TR LAY VAR UT (COMPUTED FNB N G5, KST(NMODE )Y MDTR Q7
[ VOMPN N} Re& VAR NUT (COMPUTED FIR N ,GF, XSTINMONE)} MDTR 98
r senw 14 ND INP MDTR 99
(o NE L 14 ND INP %OTR 100
f L lal 1 184 VAR INe MDTR 101
r o4 R4 VAR INP MDTR 102
¢ vo ass VAR INP MDTR 103
r KRN 1o NO oyt MDTR 104
¢ MOTR 10%
C £OMMON STORAGE USER MDTR 106
¢ CASMON T¥AX Ly VXT o VYT (HT OMEGAC VPHSFC s THETK MDTR 107
¢ ®OTR 108
¢ 1MAY 14 N NP MDTR 109
¢ et ey 100 NP “pTR 110
¢ 231 %4 100 INS MDTR 111
r vy? Rl 100 Ine MOTR 112
¢ 1 oy 100 INP MDTR 113
[ IMEGAL R ND OUT (USED INTERNALLY) MGTR 114
4 VPHSEC Rey ND QUT (USED INTFANALLY) MOTR 1156
T THFTK R*& ND INP MDTR 116
r HDTR 117
¢ e e INPUT e MOTR 118
c MDTR 113
c 1St ' RNy INDEX NF START POINT, WHICH MUST LI1E BELOW LINF #OTR 120
¢ OF NEMARCATINN MDYR 121
r JST sCNLUNN TNDEX NF STARY POINT MOTR 122
¢ NMNNE *NUMBER LARELLING MODE TO 8E TABULATED MDTR 123
v XKSTINNNNFT  =INDEX OF NMMOD AND VPHMOD CORRESPONDING TO FIRST MDTR 124
r POINT TABULATEN, MDTR 125
¢ NRNY tNUMPER OF ROWS IN INMODE ARRAY TR 126
€ NCNL =NUMRER OF COLUMMS IN INMODF ARRAY MOTR 127
c INMNDE *ARR BY WHOSF (J-1)*NROW+T-TH ELEMENT 1S THE SIGN OF MDTR 128
r THE NNPMAL MODF DISPERSINN FUNCTION WHEN OMEGA=OM(J). MDTR 129
c VPHSEayO{l), MPTR 130
r M VFCTOR CF FREQUENCIFS AT WHIGH INMODE [S TAPBULATED, MDTR 173}
4 ve tVECTNR NF OHASE VELOCITIES AT WHICH INMNDE 1§ MOTR 132
c TARU ATED, HOTR 133
r TMAY *NUMHFR CF ATMDSPHERIC LAYERS OF FINITE YHICKNESS, MDTR 134
4 cren 2SOUND SPEFD IN 1~TH LAYER TN KM/SEC, MOTR 138
¢ Vel X CTCMPONENTY OF WIND VELOCITY IN [-TH LAYSER IN KM/SEC MDTR 131§ PROGRAM
c vy LD Y COMPOANEINT OF WIND VELOCITY IN [-TH LAYER IN KM/SEC  MDTR 137  MOOETR
r HItT) *THICKNFSS IN KM OF [-TH LAYER MDTR 1138
4 THETK APHASE VELOCITY DIRECTICN IN RADIANS W R,T, X AXIS MDTR 139 PAGE
3 r TR 140 36
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4 e (TPUT S = MOTR 141
E c MOTE 142
c KFIN(NMNDF) = [MDFX OF NMMCD AND VPMON CPRRESPONDING THh LAST TR 143
r POINT TARULATFD, WOTR 144
[ NMKND (N =ANGIR AR FREQUFNCY (OF POTATS ON RISPFRSION CUPYF. upTe 145
¢ N=KSTINMODF) UP TO KFIN(NMODE) CORRESPONDS TO NNONE~ MDTR 146
¢ MONE. unTe 147
E ¢ VL ODIL] 2PHASF VFLOCITY NF POINTS CN RISPFRSION CURVE, HOTR 148
(3 N=KSTUNMNDE) UP TO KFININMODE) CNRRESPNANNS YO NMONF~ MDTP 149
f MODE, uDfR 1%0
C KRN =F1 AG INDICATING 1F ANY PRINYS 02 NISPER] IN (CurvE TR 161
C HAVF BEEN FDUND, 1 IF YES, -1 (Ff NC, MDTR 152
¢ OMFGAC =INTERNALLY USEOD FREQUENCY TFaNSMITTFQD AwNNG GyR- HNTe 153
¢ RAUTINES THRNUGH COMMON upre 154
) VPHSEC = INTERNALLY JSED PHASE VELOUITY TRANSMITIFY AMANA MNTR 155
r SURRNUTINFS THROYGH COMMON, MOTR 156
r MOTR 157
¢ —me-EXAMPL Eoee HDTR 15K
i MOT® 159
(3 SYPPIGE THE TABLF NF INMADE VALUES IS AS SHNWN BELOW WITH npTR 160
(s u"ITR 151
c ey NROW=7, NCOL=14 wpT? 162
3 SEEBLEIIEIIEES MDTR 163
- cocbbbrbesbet OM=oloa20e3re%005006007108se901e0elelele2ol3e MDTR 164
¢ cmctttesttter e 1e4 #OTR 165
¢ tpmmmm XYY RS MATR 166
¢ tpmmmm e VP25 00459040003510300425¢420 MOTR 167
8 L et NDTR 168
r NMODE=2, IST=3, JSVY=l, KST(LI=? MO 169
¢ “D.R 170
r THEN ONF MIGHT FIND XRUD=1, KFIN(21223, ANO v,T12 171
s TR 172
(3 nuMIN{T1=z,1 voMOD{ T)=, %3 oOMMPIN(16)z, TS VPMND(1 L=, “nYe 173
c AMMNN (AN, D VPMOD{8)=,42 OHNMOD(17)=e, R VPMONI(17)32,29 MOTR 174
r nMMANIQ) .3 VoMON({9) =, 41 oMMOD(18)=,9 VPMOG(1R) =, 2RS “pTe 175
r OMMIDTINI=,33 VOMOD(10) 2,4 MMMAD(19)=1,0 VPHOD(19) 2. 20 MDYR 176
r AMMAN(11 V=¢34 VPMOD(11) 7,35 OMMONE2N)=1,1 VPMOD(201=,27 MpTR 177
r MUY 212,40 VOMODL12)=,34 CMMRDED L) 21,7 VPMOD{2 ] )= 265 »0TR 178
¢ NMMON (1) 2,50 VPNONE13)=, 32 OMMAN(22)=],3 VPMON(22)s,26 MDTR 179
¢ NMeNN(14) s, 50 VPMOD(14)=,22 NMMAN(23)m]l % VPMON(23) 2,255 MDTR 180
r ANMADEES Yz, TO VENNN(1S)=,7] MDTR 181
r MOTR 142
r TR 183
r -===PRAGRAM FOLLOWS AFLOW=~-- MDTR 194
¢ MDTR 1AS
r MDTIR 1A%
SURRIUTINE MONETRITST ¢ JST G NMIDF KSTLKF N, OMMON ,YPUOE, NEOW, NCNL + MOTR 197

1 INM "E,OM,vP,KAUD) NOTP 1ARS8

C HDTR 189
DIMENSTION CT(1001,¥XI{100),VYI{100),41(100} MpTR oC
NEMENSTIN KSTEL) oKFINGT ) oOMMADLYE, VOMCDLL) , INMODELL 1 onM (L) VP ) wnrR jal
COMMON [MAX ,CEoVXT VYT oHICMFGAC ,VPHSEC, THETX vDIR 192

¢ wpTae 103

£ FUNCTINONS FNMNGL AND FNMOD2 ARFE USED AS ARGUWENTS 1JF RTH| MOTR 194
EXTERNAL FNMOD] , FNMDO? MNTR 195

¢ MOTR 196

£ INDFX NF FIRST PNINY 0N DISPFRSION CURVE 1S LARELLFD AS X MDTR 197
KTKST{NUONE ) NOTR 198

c MDTR 199
I0zTNMATE (L JST=1 JSNRNW [ST) MNTR 200

r upTe 201

€ WE CHFCK TN SEE IF PCINT ABNVE (1ST,JST) HAS A NIFFERFENT INUODE MOTR 202

2 IFQIST €0, 1) Gr TN & MOTR 2013
TUP= TNMANE( ( JST-11 ¢RROMSIST-1} MOTR 204
IFLIUP LFQ, -10) GN TO 10 MOTR 203

c MDTR 206 PROGRAM

C IF [T DOFSNT, WE CHECK THF POINT (M THF RIGHT, Wi CAN ALSN ARRIVE AT MDTR 207 CDETR

£ & FRAN 2 1€ [4Tx], MOTR 208

& [E(JST LEO, NFNLY 60 TO R upYe 208 PAGE
ISIN [NHODE L LYST JRNROWS 1T MDTR 210 37
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b X2 Ralnl

= lal

TFIISIN +FQ¢ -16)Y GO TO 1S

IF WE ARRIVE AT 8, WE CANNDY FIND A POINT EITHER ABNVE IF TO THF RIGHT
OF (1ST,J5T1 WHICH HaS & INMONE GF OPPOSITE SIGN.
R X&HNa-]
RETURN

WE ASSIGN A TYPF INOEX TN THE PNINT (1ST,JST), SEF DESCRIPTINN NF
NYTONT £19 OFEINITINN OF TYPF INDEX.

10 17vPl=]
APPNSITE SIGh ABNVE
6N YN 99

15 1TyPL=?
OPPASTTE SIGN TN RIGHTY

WE hOW CAN TOFNTIFY rUR FIRST RRACKETING
70 11157
Jl=Jst

STATEMENT 26 1S START OF LONP TERMINATING AT 19, FACH PASSAGE THROUG
LAND GENFRPATFS A NFW PNINT IN THE DISPERSINN CUPVFE,
25 [FLITYPL ,FQ. 2} 6N TN SO

CALCULATION IF [TYPI=t, STORE FREQUENCY IN COMMON, FIND PHASE VFLD-
CITY WITHIN RRACKFTEC INTEPVAL,

NMEGAC=0MI S

VONWN=yYe {11}

vOPxvP({1-1)

EPSx] E-4

CALL RTMI{VALF,FAMOD] o VNOWN,VUP EPS, 4, TFR)

AMMNNIK) =OMEGAC

VoNAN (K ) =vA

6N 10 190

CALCULATION IF §TYPLla2, STORE PHASE VELOCITY IN COMMDN. FIND FREQUEN
Th ARACKETED TINTFRVAL,
S0 VPHSFCavP(IY)
ANLEFaCME gL )
OMRITa0M{J1¢Y)
EPSs (1. E-aloONelY
CALL RTMI(OMALF, FNMND2NMLFF,NMRIT +EPSs 4 1ER)
RLLAUOIE SR TLT
YPNONIK ) sVPHSEC

100 CONTINUE

WE HAVE NOW FOUND THE K=TH POINT, WF DO NOT YET KNOW IF THIS [S THE

FINAL POINT FOR THF NMNDE-TH MODF. HOWEVER, WE SET KFIN(NMODE)sX
KF1 MMIDE)=K

WHEN THE SURWOUTINE RETURNS, THE CURRENT STORED KFIN(NMODE) WILL BE

THE CORRECT NNE,

WE NOW FPRFPARE fHE SEARCH FOR THE NEXT POINT.
K2K+}
179 CALL NXTPNTIEL L GITYPL,12402:1TYP2,NROW,NCOL o INMODE ,KUDOS)
1RO [F{ KUDIS L€Qs ~15 GO TO 200
tis12
Jls)2
1TYP1=ITVP2
190 GO Y0 2S5

200 CONTINUE

WE CONTINUE HFRE AFTER AN UNSUCCESSFUL ATTEMPT TO FIND THE NEXT POINT.
PEOVINING W& MAVE FOUND AT LEAST ONE POINT, WE CAN EXIT WITH KRUD=1,
IF( K JLF, KGT(NMNDF) ) GO TO 8
KRtID=1
RETUAN
FND
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212
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240
241
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265
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241
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278
276
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278
279
280
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C MODLST (SUBROUTINF) 6719768 wer o)
C LT 2
e “pLT 7
C m=e=ABSTRACY »==e LT8R 4
c MpLT 5
P MOLT 6
C TELTLE - MOOLLSTY . vOLY 7
c TABULATION 0F SELECTED POINTS OM THE PHASE VELOCITY (VINSE) VS, MbOLT v
C ANGULAR FRFQUENCY {(OMEGA) CURVES NF SELECTHD Mt S roLT °
[# YoLT 10
[ NO CIMPUTATION DR CHANGING CF UNITS IS PLPHRMEL PY Syhe- LT 11t
c ROUTINE “ODLST, [T MERELY PRINTS CUT THF IN0FUT [N LABCLED wWOLT 12
C AN OQRUERED FASHICON, MOLT 10
c MOLT 146
C LANGUAGE - FGRTRAN [V (360, REFERENCE “MAMUAL (24-#&)6-4) ¥pLT 1R
C LT 16
C AUTHCRS ~ B,D,PIERCE AND J POSEY, “,1,Tey JUNE, 'SR YLt 17
C YILT 1R
C ¥OLT 19
C =e==lJSAGE~~~~ MOLT  2¢C
c wLr 21
C ND SUBROUTINFS ARE CALLED. wpLtT 22
C wLT 23
C KFENy PMMND, YPMID, KST WILL ASSUHE THE DIVENSIONS SPLOTFIED N “pLT 24
C THE CALLING PROGRAM, (DIMENSION 7F KST ANO KFIN MUST HE ks NMFNM wDLT 25
C MOLT 26
C FOIRTRAN HSACE MELT 27
C MDLT 28
1 C CALL MODLST (MDFND ¢ J4M0D, VRMUN 4KST 4 KF IN) MOLT 29
4 . MDLT 30
C INPUTS MoLT 31
c VOLT 32
C MOFND NUMBER 2F MODES TC BF PRINTEOD CuT, MDLT 33
¢ i+ LT 3
¢ MOLY 25
C cwMp VFCTIR STORING ANGULAR FRFQIENCY CODRDINATE OF POINTS ON MDLT 3¢
C Pe4t)  OISPCASION CURVES., MODE % IS STORED FRCM ELFYENT KST (M) vOLT 37
C THROUGH ELEMENT KFIN(M), ( RAD/SEC ) ¥OLT 3R
C MDLT 39
C VPuND VFCTNR STORING PHASE VELOCITY CONRDINATE OF POINTS ON MDLT 40O
C R74{D) OISPFRSINN CURVES, MODE % 1S STORED FRCM ELEMENT KST (M) MDLT 4t
[ THROUGH ELEMENT KFIN{M), | KM/SEC ) MOLT 42
C MOLT 43
¢ KST SEE UOMMCO AND VPMOD ABOVE. MDLT 44
b ¢ 1*4(D) FOLT 45
C MDLT 46
C KFIN SEE MMOD AND VPMCD ABOVE. MLT 47
C [s4 (D) MOLT 4r
C MOLT 49
C TPUTS ¥DLT 59
C MOLT 51
C THE OUTOYT IS AN ORDERED AND LABELED PRINT CUT NF THE INPUTS, FX- MOLY B2
c CLUDING KST AND KFINs, ( SEE EXAMPLE RELCW, ) MOLT 53
c MOLT %4
C MOLT 55
o —e==EXAMPL £ ~m== MCLT 56
C MDLT &7
C CALLING PRIGRAM FOLY SR
C MOLT 54
C DIMENSTON KSTU2) KFIN(2) ,0MMOD[5) 4 vPMI(5) MOLY 60
C MOFND = 2 vOLT 6]
C KST = 1,3 MDLT &2
[ KFIN = 2,45 MOLT 63
C OMMOD = 0.140,2+04140,1549.2 MOLT 64
C VOMED = 1600240924002654360 MOLT RS
[ CALL YATLST (MDFND,OMMOD, VPMOD KST  KF IN} MDLT  6A PROGRAM
[ MOLT 67 0L SY
C PRINT QUT MOLT w8
C MOLT &9 PAGE
¢ TABULATION DF ¥ {RST 2 MODES MOLT ¢ 30
-243-
~




oy

OO ANOOOOACOGAOONOOAOASONO0

C

MOO

CMESA (RAD/SEC)

0.100000
. 200000

L3l

CMEGA {RAD/SEC)

2,100000
0.150000
0.200000

END (IF EXAMPLF

E 1

VPHSE {KM/SEC)

1,000000
2.+000000

£ 2

VPHSE (KW/SEC)

2.,50G000
2.500000
3.,000000

-===PROGRAM FOLL WS BFLOW=-==--

SUBRCUTINE MCILSTMDFNDy OMMOD,VPMOND 4 KST ¢ KF IN)

C VERIAPLE DIMENS ICNING
DIMENSION KFIN{1), OMMODIL1),VPMOND(1),XSTI(Y)
WRITE(6y11) MIFND
11 FORMAT { 1M1 425X, 1 OHTABULATION OF FIRST, 16,6H MNDES)

kR
10C

De 100

11x1 ,MNFND

WRITE (6,21) [!
21 FORMAT (1H ///41H 435Xy SHMOUDF +13//4 1H 12X 15HOMEGA (RAD/SEC),
1 10X,14HVPHSE (KM/SEC) /)
K1=KST(I1)

K2 =kFIMTI)

00 100

JxK14K2

CNEGA=CMMOD (J)
VPHSE=VPMODI( J)

FORMAT

{1H 2 12X9F15.6910XyFlé.b}

WRITE (6431) NMEGA,VPHSE
CONTINUE

RETURN
END
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rOL T
oL T
MOLTY
ML T
MOL T
MILTY
MILT
FIYLT
MOLT
MOL T
LT
ML !
oL T
LI\ ¢
oLt
LiN] A
L T
*OLTY
unLvY
MOLY
»OLY
mpL T
*DLT
LT
mMoLY
MOLT
FDLT
MOLT
MOLT
»OLY
MOLT
»OLT
MDL T
MOLT
MOLTY
LT
MOLT
MDLT
MOLT
YOLT
"MLt
MDLT
voLY
MOLT
MOLT
MOLY
MDLT
MOLT
MDOLT

109
110
111
112
113
114
115
116
117
118
119

PROGRAM
MODL$T

PAGE
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MPOUT (SURRJUT INF ) 1/19/68

TITLE - MPnuT

-———ARSTRACT~===

TABULATITIN OF NORMAL MODE DJSPERSION FUNCTIIN SIGN AT PRIt TS
IN A RFCTANGULAR REGION OF FREQUENCY - PHASC VFLUCITY PLANE

L ANGUAGE
AUTHORS

THE VELTOR vV OF PHASE VELOCITIFS IS CONSTRUCTED BY Tani‘d,
VALUES AT INTERVALS OF €{V2-V1)/{NVP-1)) FROM V2 NCw\ 1.
V1. SIMILARLY, VECTCR OM NF ANGULAR FREQUENCIES 1S (Cuin-
STRUCTED BY TAKING VALUES AT INTERVALS OF ((QM2-CM])/
(NCM=1)) FRAM 0OM] UP TO M2, NEXT, MATRIX INMCCE IS5 COr-
STRUCTED WITH NVP ROWS AN NOM COLUMNS. SINCE INvODL S
STORED IN VECTOR FORMy CCLUMN AFTER CCLUMN, ELEVMENT J A
ROW | 1S REPRESENTED AS INMOCE((J-1)aNVP + ), THF VALLL
OF THIS ELEMENY IS OETERMINED BY CALL ING SUBRPUTINE AMDEN
7O FVALUATE THE NORMAL MODE OISPERSION FUNCTICN, FPP, F.W
FREQUENCY OM{J) AND PHASE VELOCITY V(I), [IF FPP D7ES NIT
EXIST, THE ELEMENT IS SET FQUAL TG S, OTHEPWISE THE clLf-
MENT wWiLL 8E 1 TIMES THE SIGN OF FPP,

FARTRAN [V (360, REFERENCE MANUAL C28-6515-4)
A D PIERCE AND J.POSEYy Mo1.T.y JUNE,16E8B

~e==USAGF-=-~

VARIABLES UMyV4 INMODE MUST BF DIMENSICAED IN CALLING PROGRAM
FORTRAN SUBROUTINE NMOFN (DESCRIBEC EL SEWHERE IN THIS SERIES) 1S

CALLED

FORTRAN USAGE
CALL MPFUT(CML0M2¢V]1oV2INDMNVP o INMCOE,CMy Vo THETK)

INPUTS

CHl
LTS

oM2
Re4

vl
Ry

ve
R¥4

NOM
1%4

NVP
14

THE TK
R#4

CuTPUTS

INMODNE
1%4(0)

oM
R*4(D)

v
Pe4(0)

-

MINTWM ANCULAR FREQUENCY TC RE CONSJOtRED (RADIANS / SEC
MAXIMUM ANGUL AR FREQUENCY TN BF CCNSINLPED (RADIANS /7 SEC
FENIMUM PHASE VELDCITY TO BE CONSIOERLD (XM / SEC)

MAXIMUM PHASE VELOCITY TO BE CONSIDERED (KM / SEC)

NUMBER OF FREQUENCIES TO BE CUNSIDERED (ND. CF ELEMENTS
IN 94 A 7 N, OF COLUMNS [N INMODE)

NUMBER OF PHASE VELUCITIES TC BE CONSICERED (N). COF ELE-
MENTS IN V AND NO, OF ROWS IN fNMODE)

DIRECTIUN OF PHASE VELOCITY MEASURED CCUNTER (LLCKWISE
FROM X-AXIS (RADIANS)

MATRIX OF NORMAL MODF OISPERSICN FUNCTION SIGNS (S5FF
ARSTRACT ABOVE FOR EXPLANATION OF ELEMENT VALUES)

VECTOR OF NOM VALUES OF ANGULAR FREQUEMY AT tQUAL INTge~-
YALS FRIM OM] TO 0OK2 INCLUSIVE (RADIANS / SEC)

VECTOR OF NVP VALUES OF PHASE VELOCITY AT EQUAL [ANTERVALD
F20M v2 TO V1 INCLUSIVE (KM / SEC)

m—- [ XAMPLE -~

265

Mpy
upny
L 81}
[ X-317]
[ 224a 1))
TR
“pi oy
Mpg
Mpt,)
O]
wp)
»pry
ﬁp'\A’
¥Pres
wp o4
wpny
wping
npiy
LAY
vpOy)
vpAr
»eny
»eny
“pny
L1V}
meny
¥Pay
¥R
LldalV]
upy
MPOU
Ly Y]
MPJUY
MPOY
FPOY
MpoUy
»pnts
»POUY
POy
“pOYy
Ll 4s1V]
YPOU
MPOU
MPOU
LD
“POU
HPOU
MPOY
L1111
Lidal}]
¥POY
L))
¥POY
NP
MpPOY
LalV]
MPOU
HPOU
MPOY
MNPy
veny
MPOU
¥pnyy
NP
Py
Py
MPAY
“pny
MpIYY
(2l

b4

66
67

Ho

¢

PPCGRAY

4

4p YT
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(a2}

[aXalul (o B (oY al

[a N gl

e s Ralakakal

[aXal o XaXnl [aX X al

CALLING RRCGRAM
DIMENSION O%{3) VI3, INNDDLD)
oMl = 1,0
OMZ2 v 3,0
Vi = 1, ¢C
V2 = 2,0
NOH = 3
NVP v )
THETIK « 0,0
CALL MPOUT 1CM],0M2,VE ,V2 JNCMNVP, INMCOE ¢ OMy Vo THETK)
ENT

UFUN RETURN FROM 4POUT, OM AND v WILL HAVE THE FCLLCWEING VALURS

€M 2 140 4 2.0 4 3,0

V2 3.0 4 2.C 4 1.2
TACH NF THE NINE FLEMENTS OF INMODE WILL RE -1y 1 OR 5 AS NETERWINED
BY THE NIRMAL MCODE DISPERSINN FUNCT INN (SEE ARSTRACT ABOVE)

—mesPRUGR AW EALLONS BELCW=~=~

SUBROUTINE MPIUT (ML 4 OM2, V1o V2eNIM I NVP ( INMOODE y I¥ Ve THETK)

VAR TARLE DI MENSECNING
DIMENSIIN OMEL) o VELD), INXODE(LY
COMMCN [ MAXCLILLD0) VRTIE100),VYI(100Y,+1L100)

INTERVAL RETWEEN SUCCESSIVE ELEMENTS OF OM IS DETEPWMINED
DELCU= (C42-IM1 ) 7 (NON-1)

IRTERVAL RETWEEN SUCCESSIVE ELEMENTS CF v IS DETERMINED
DELY ={V2 - V1) /{NVP-1)
VECTOR ¥ 1S CONSTRUCTED wITH V1) DROAPPING ERIM V2T0 V1 AS | GULES FROM
1 TO NvP
Vildav2
DN 10 [=2,NVP
10 VIlinv([-1)=-DELY
CM{J) GOES FRON N4y T0 NM2 AS 4 GOES FRCM 1 TC NMM

D0 90 J=]NON
OMEJ) = OML e (J~1)eDELOM

FAR A FIXED VALUE OF Jo ALL VALUES OF 1 FRCM 1 THROUGH NVP APE CONSTIO-

ERED, THUS EVALUTING COLUNN J OF INMODE
00 90 lul,NVP

1J 1S NO. OF ELEMENY [N Vv TOR REPRESENTATICN OF [INMCDE WHICH CORRES-
PONDS TN ELEMENY J OF ROM 1 IN MATREX FORM (OF [NWNDE

IIati=11oN0P o |

VPHSEsVL L)

NMOFN IS CALLED TD EVAUATE THE NIRMAL MUDE DISPERSICN FUNCTICN FOR
FREQUENCY OM({J) AND PHASE VELOCITY vi1}
CALL NUDFNLORES) o VPHSE s THETK L oFPP,K)

WHEN NORMAL ®CDE JISPERSION FUNCTION DOES NOT EXISY (L.EQ.-1)s INMODE
(13) = 5
1FLL JEC. ~1) GO TO 50

MEEN THE FUNCTINN NOES EXIST AND 1S FPP, INMODE(LJ) = 1*FPP/ABSIFPP)

INMOOECTS) =
1F (FPP.LEL 0., Q) INMOMELTYY = =)
6C TP 80

50 INMODE(]JS)S

8C CONTINVE

90 CONTINUE
RE TURN

-246~

“p Y
¥pny
LI
vpu)
Ld U]
MpPY)
ey
“pNyg
“pYy
PNy

[4alV]
Ppy)
L4V
wpny
ppry
VP
vy
»Pp 2t}
¥EX)
LAY
“pr y
vpy
wpny
L))
“any
L]
reny
L4010
MpOY
»POU
FPNY
roOU
LIde1V]
MPOU
MPOU

-MPOY

upcy
¥POU
nPOU
»POU
“pPOU
»POU
¥POU
nePNU
»POU
upny
MPOU
»POUY
uony
e O
»POU
MPNY
“pPOU
MPOY
»POU
MpOU
NPOU
»POU
npOy
"o
¥PNU
“POU
nPOU
»POY
»POU
npny
»POU
»POU
»POLY
upOU

71

73

16 -

76
17
™
70
an
R
a2
“3
Q&
'
ne
07
wh
qu
a0
3]
"?
a1
9%
kL)
%6
97
L
99
100
101
102
103
174
108
106
107
108
109
110
111
112
113
114
115
1186
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
13«
11%
136
137
118
139
140

2206RAM

| {

venyt

PAGE
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MCDE EXCITEN BY A POINT ENERGY SOURCE IN THE ATMOSPHERE, THE MAMD

KAMPUE (SURRDUTINE)} K 21768 ANAMP 1
NAMD

AAMD 3

weemARSTRACT «ome NAMP 3

ANAMP &

TITLE ~ RAMPDE AAMP A
PROGRAY TO DETERMINE AN AMPUITUDE FACTUR AMPLYD OF A GUICED NAMD 7

H

Q

SJURCE IS AT ALTITUDE 2SCRCE KM AND THE OBSFRVER IS AT ALTITUDE MAWP
208S IN KM, THF PARTICULAR AMPLYD CCMPUTED CCRRESPONDS TO AN AP 10

1T=3, WHILE THE SECOND 1S ORTAINFD BY CALLING TOTINT WITH NAMP 59
IT=7, THE 1T PARAMETER GOVERNS THE CHCICF CF CCEFFICIFNT KAWP 60
Aly A2, A3 RETURNED YO TYOVINT BY SUBROUTINE USEAS. FOR NAMP 61
FURTHER INFORMATION, SEE THt COCUMENTATION ON TOTINT AND  NAMP 62

C
c
(d
4
C
[+
c
[
C
I
C ANGUL AR FREQUENCY OMEGA (RAD/SEC), A PHASE VELOCITY VPHSE NAMP |1
d (XM/SEC)y AND & PHASF VELOCITY DIRECTICN THETK (RADIANS) REC- KAwp 12
4 KONED COUNTER~CLNCKWISE FRNM THE X AXES., PARAMETERS CEFINING NAMP 14
c THE AMAIENT ATMISPHERE AKE PRESUMEL T0 BE STORED IN CCMMON AAMD 14
c THE NORMAL MODt DISPERSION FUNCTIPN AMDF IS PRESUMED T5 VAMISH  AAMS &
[4 FOR ARGUMENTS OMEGA,VPHSE, THETK, ANAME e
c nAMe 17
c THE ACTUAL DEFINITION OF AMBPLTD 1S AS FOLLOWS. LET S1(Z)} aNn MAMP  1p
C $?247) BE THE SOLUTINNS OF THE RESTOUAL EQUATIGNS (YT
c NAMP 20
L DIS1)I/02 = (Al11eS) ¢ (A12)eS? {1-7) Namp 2y
C CUS2V/D2 = (A213%S1 + (A22)=S2 (1-F)  NAMP 22
C NAMP 213
c WHERE THE MATRIX A IS AS COMPUTED BY AAAA AND AS DEFINEC RY NAMP D4
: c AJDJPIERCE, Jo CMP, PHYS,y VOL. 1y NOs 3, FEB.91967, PP, 343~  MAWP 2§
¢ 366y €QS. 11, THE CLEMENTS OF A SHCULD BE CCASIDFRFC AS FUNC-  NAMP 26
C TICNS OF ALVITUDE. Wi DEFINF THE RFPUCRD PRESSURE ZFN(Z) AS INUTIY
C NAMP 28
[ IFN(LY= (G/C)I*S] - C*S2 2) AAMP 20
C NAMP 30
C WHERE G 1S ACCELERATION OF GRAVITY AND C IS SCUND SPEED. THEN  NAMP 1)
C NAMP 32
c AAMP 33
3 C $2( 2 SCRCE)*ZFN{ZORS) NuP 34
! c AMPLTD = {1/2)n T E - (3 NAMP 35
C BOM{2ZSCRCE) = INTEGRAL NAMP 36
C AAMP 37
c WHE RE NAMP 38
c KAMP 29
] C BOMLZY=OMEGA -KXSVXILZ) -KY®VY(]7) ) NANP 40
c NAN® 4}
f c 1S THE DNPPLER SHIFYED ANGULAR FRFQUENCY, THE INTECRAL IS 1/2  NAMP &2
c OF THE 1-SURL OFFINED AY A D,PIERCE, J. ACOUST, STCs AMER,, MNP 43
[ VOLe 37y NO. 2y FEBe 91965, PP, 218-227y EQs (510 SPECIFICALLY NAMP 44
C NAMP 45
c INTEGRAL = (INTEGRAL GVER 2 FROM O TC INFINITY) OF NAMP 46
c NAMP &7
c [SOM=( (KYWYXIKY®YY ] /K)SYFN(Z} =22 NAMP 43
c {KOCUE "A/BCHPRI) A 2FN{2) =2 ) ts) NAMP 49
C . ALMP 50
C WHERE K 1S THE MAGNITUNE OF THE WAVE-NUMBER VECTOR (KX,XKY) AND  AAMP 65}
c . NANP 52
[ YEN(Z) = (1/7CHeSY(2) to) ANAMP 83
¢ NANP 54
C PROGRAM ADTES NAMP 55
C AAMP 54
C THE INTEGRAL IS CCMPUTED BY SUBROUTINE TOTINT IN TWO PART KAMP ST
d AS X3eX7, THE FIRSY 1S OBYAINED AY CALLING TOTINT WITH NAMP 58
c
[
C
C
c USEAS, NAMP b3
C NAMP 64
C THE NORMALIZATION CF S1 AND S2 CANNOT AFFFCT AMPLTD, NANP 65
C HOMEVER, TOTINT ADONPTS NORMAL IZATION WHEQE NANP 86 PROGRAM
C S1 =~SORTIGGI=AL2 NAMP 67  NAMPDE
C $2 sSQRY(GGI*(GGeAL])) NAMP 48
c AT THE WNOTTOM OF THE UPPER MHALF SPACE, THE NUMERATOR OF  ANAMP  ¢9 PAGE
C £Qe.(3) 1S ACCORDINGLY COMPUTED WITH SAME NORMALZAT]ON, KAMP 70 o4
~248-
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LANGUAGE

AL THOR

HERE GG=SQRT {Allwr2eA12¥A21),

THF INLY ROUNDARY CIONDITION EXPLICETLY USED IS T+ UPPEY
BOUNDARY CONOITINN WHEREBY BNATH S1{7) AND S2{Z) OFCREASt

EXPINENTIALLY WITH INCREASING HEIGHT [N THe UPPER

HALFSPACE, IF THIS CANNOT BE SATISFIED, THE PKCGRAM

KRETURNS AMPLTD=0, THIS WOULL [4PLY THAT THE PCINT

CONSIDERED IS PRACTICALLY IDEATICAL T/ (NE WHERE CMEGA

IS THE CUTOFF FREQUENCY FOR THF GUIDEL MQUE UMNDER
CONSIDERAYICN,

WHEN NPRNT 1S POSITIVE, SEVFRAL PARAMETERS DESCHIOING The
PROFILES OF SI AND §2 ARE PRINTED UNOFR THE HEADING PRC-~
VIDED 8Y SUBRGUTINE PAMPOL, SEE PAMPRNE FOR THE DEFINI-

TIONS OF THESE PARAMETERS,
- FORTRAN IV (360, REFZRENCE MANUAL (28-6515-4)
= AsCoPIERCE, HoloeTay JUNF 1968

~===CALL ING SEQUENCF----

SEE SUBROUT INE PAMPDE
OIMENSICN CI(100),vXI(10D)evYI(100) HI(100)

COuMIN

THAX4CIoVXToVYTyHI (THESE MUST HBE IN COHMMCN)

CALL NAMPDE(ZSCRCE) ZORS,DMEGA, YPHSE s THE TK yAMPLTD (NPRNT)

=-==EXTERNAL SURRDUTINES REQUIREN-~---

TPTINT JPMMMAAAA USEAS) UPINT yELTINT 43PRH,CAL,SAT

(THE FIRSY THREE ARE EXPLICITLY CALLEO,

ARE IMPICITLY CALLED WHEN TOTINT IS CALLED.)

2SCRCE
085S
CMEGA
VPHSE
THF TK
AMPLTD
NPRNTY

~===ARGUMENT L[ST~---

R*4 N9 INP
R* 4 ND INP
Rr4 ND INP
Rx g ND INP
Re4 ND INP
R4 ND UT
| A NY) INP

CCVMMON STORAGE USED

COMMON

IMAX
[}
VX1
vri
Hl

ISCRCF
208S
OMEGA
VPHSF
THETK
NPRNT

IMAX
cItn
vxitn)
vyl
HICT)

[HAX LT o VX!, VYT HIT

Iv4 ND INP
Ry 170 INe

R=4 too n o,
RuG 190 INP
. R4 100 INP
~=e=[NPYTS-==-~

sHE TGHT UF SOURCE IN KM

=HEIGHT OF OBSERVER

sANGULAR FREQUENCY IN 2ADJANS/SEC

=PHASE VELOCTITY N KM/SEC

2PHASE VFLNCITY DIRECTION (RANDIANS) RECKONED

*PRINT OPTION ENOICATOR (SEE NAML [N MAIN PROGKRAM),

COUNTER-CLOCKWISE FRCM X AX]S,

sNUMRER OF ATMOSPHERTC LAYFRS wWiTH FINPTE THMICKNLSS

=SAUND SPELD [KYW/SEC) IN 1-TH L AYER

=X COMPONERT GF WIND VELNCITY (K¥/SEC) IN f-TH LAYER
2Y COMPONENT OF WIND VHIOCITY (K4/SEC) IN [=TH LAYHR

=THICKNLSS IN KM OF =Tk LAY(R

—=m=QUTBYTS ===

-249~-

THE REMAINING SUSRNUTINES

AAVp
NA VP
ANAMD
NAMP
NAMP
MAMP
NAMP
NAUp
rANP
MAMP
AAMP
b AMD
fAMP
P AP
AAVD
ANA VY
rAap
AAMD
P AP
NAMD
PAMD
LAV
AAMPD
AAMY
HAMP
hAUp
NAMD
NAMP
ANaMp
NANP
NAMP
HAMP
NAvP
ANAMP
NAMP
ANAMP
AAMp
NAMP
NAMP
NAMD
Aasp
NAMP
NAVD
NAMP
AAMP
ANAMP
AA MO
NANP
ANAMP
NAuPp
hNaump
NAup
MAMP
NAvp
AAMD
NAMP
ANAMP
NAMP
NAup
hAMP
NAMP
AAMP
NAMP
NAMP
NAMP
NAMP
NAMP
AAmP
NAMP
AA uP

71
1?
73
74
7%
1%
17
78

pe
w1
u)
-3
A
55
oy

~7
»
a0
o

a1
Q2
R

%5
w6
a7

99
1¢0
1N
102
103
104
1C5
106
107
108
1¢9
110
it
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
136
136
127
128
13@
140

PROAGRAM
NAMPHE
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¢ AMPLID SAMPLITUDE FACTOR FNR GUIGED WAVE EXCITeL PY PO Y
C ENERGY SUURCE. UNITS ARE Kurx{-1},
C
C —we=EXAMPLE=~~~
C
C SUPPPSE Twb ATMOSPHERE IS [SOTHERMAL AND THERE ARF NI* WIMDS., THeN
¢ THERE IS ONLY -INE MUDEs FIR WHICH VPHSE=C, FURTRFRMDRE, YFN(Z)
C AMD S1UL) ARF RUTH 2ERJ. THE LFN(Z) DFCREASES EXPINFATIA{LY
C WEITH SETHOHT AS EXP(~(0.3%G/C*%2)) . THE RESULTING AVPLTO
C SKOULD RE
S AMPLT D=~ (, 3¢5 (02 ) REXP (- 3%(G/Cor2) % (2 ONS+ISCRCLD )
C REGARDLESS "F VALUES OF OMEGA ANC THETK. IF C=1/3 X™/SFC,
¢ 6= 21 KM/SECr¥P, I0B5=0y ISCRCE=Cy THEN AMPLTN= ,027 KWar(-]).
C
C
¢ ====PR"GRAM FOLLOWS BELCW--~-
C
C
SUBROUT INE NAMPUE (ZSCRCE ¢ ZNBS ¢ GMEGAVPHSF s THETK ( AMBL THNPRF T)
C
CIMENS TCH CIUIN0) VXTLEICT ), VYT{1D8) JHIL1DC)
ULTMENSICN AL242),EM(2,42)
DIMENSTON 217020451020 932020 oVXTIJL(2) VYT JZi2),C1I2(7)
C DIVENSIUN STATEMENTS ADDED IN THE DEAUG PRPCESS

DIMENSTON LAYJZ(2)4UFRTU2) JRPP(242) (EMPI10042+2),018%Y(2,2)
DIMENSION vHILE1N0) 711 21190)
COMMON THAX G C VY TavY T, 4

C

€ CCMPUTE wAVE NUMBER VECTOR C@p NFNTS
AKX= {OMELA/VPHSE Y 2 CAS{ THLT K]
AK Y {CMFRA/VPHSE ) #STNLTHE Th)

C THE SOURCE AND CHSERVER LICATIONS ARE NUYMRERED ACCORDING TO HEIGHY
IF(ZSCRCE 6T+ 20BS) GO T3 19
11J211 ) =2SCRCE
LIJ2{2)=208S
NSCRCF=]

NOBS=2
Ge TP 20

1C 11J2(1)=284S
L1321 =7SCRL
NCRSEL
NSLKCEs?2

¢

C WE DENNTE S1 4ND $2 ATV B8OTTOM OF UPPER HALFSPACE RY F1 AND F2. THEL®

€ CONPUJIATION IS AS FOLLNWS,

20 17MAx=2
JrIMAX+ )
C=C1(J)
VX=vxI(J)
VYzyYLiJ)
CALL AXAA{NMEGA AKX AKY 3 CyVX,VY A}
XxA{ Ly b)mm2eA(142)0A102,1)
fFIX «LE, 0.,0) GO TD 200
GESQRT( X}
GRT=SQRT(G)
Fla-GRT*A(],2)
F23GPT{A(),1)+G)

c
C wE COMPUTE I REPRESENTING THE BOTTOM OF THE UPPER HALFS ACE
IP=0,0
IF(IPYAX .FQs 0) GO YO 31
00 3¢ IC=1,lv4ax
30 IPzZMeHILIC)

4
C WE STORF FIP.F2P,2mMpP
31 F1P=f)
F2PzF2
IVP=M
C
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MAR2
NAMD
LA VP
NAME
NAMD
NAVE
LAMD
P 440
PAMD
rAMD
rAMD
NAMD
NAMU
rAMP
LAVD
AA P
pAD
AAMD
tANMD
AN
MA L
NAYTD
hA AP
NAM
AAMOD
AAMD
b AVP
P AMD
NAMP
KAMP
NAMP
AAvP
NAMP
NAMP
NAMP
NAMP
NAND
NAMP
AAMp
AAup
NAMP
AAMD
ANAMP
ANAMP
ANAMp
NAMPD
NAMP
NAMP
ANAMD
NAMP
AAMD
NAMP
NAMP
NAMP
NAMP
NAMD
ANAMP
NAMp
hAMP
NA4pP
NAMP
KA UP
NAVP
AAMP
NAMP
NAMD
NaAMD
NAMP
Namp
hAMP

1]

IRé
187
1R4
189
190
101
192
193
194
195
196
197
198
199
200
201
202
201
204
206
206
207
20R
FAS
21¢

POOGRAM
NAMPNE
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ACO™

e XaRgl

[aXzKy)

COMPUTATION OF LAYJZ(JZ) AND DELYLJZ}
LAYJZ(JZY 1S THE IMDEX OF THE LAYER IN WHICH T1J2032) LIES,
WHILE DELY(JSZ) S THE OISTANCE OF 21J21J2) ABUVE THE ROTICO™ EDGE C(F
THE LAYER
00 35 JI=1,2
LAYJZLJZ)=iMAXe]
32 DELTULSL)I=2132(92)-2M
IF(DELT(J2) GT. 0.0} GO TC 35
TFCLAYJZUSZ) +EQ. 1) GU TO 35
LAYJZCI2) =LAYJZLILY -]
IM=IM-HI(LAYIZ(J )}
AT THIS POINY 2ZM CENUTES THE 90TTOM CF THE LAYJIZCJZ) LAYLP
GC TC 32
35 IM=7MpP

COMPUTATION OF EM MATRICES FOR ALL IMAX LAYERS Of FINITE THICKNESS
ERLIPLIP) FOR I=-TH LAYER 1S STORED AS EMP([,1P,JP)
00 36 I=1,1MAX
C=CIt 1Y
VX=VXI{1)
vyYsyyYIi{ )
K=HI( ]}
CALL MMMM{GMEGA ¢ AKX g AKY 4C ) VX o VY yHyEM)
00 36 IP=1,2
oC 3¢ JpP=l,2
36 EMP{ T, 1Py JP)=EMLIP,JP)

COMPUTATION OF RPP MATRIX, THIS ACCOMPLISHFS THE SAME AS CALLING
SUBRCUT INE RRRR
RPPL1,1)=1.0
RPP{1,2)=0,0
REP(2,1)=0,0
RPP{2+2121.0
00 38 1=1,1%AX
JASA= TMAX¢]1-!
00 37 tP=1,?
00 37 JP=1,?
3T DUMMY (TP JP)=CMPIJIASA, [Py L )1SRPPI 1, JP)EMP{JASA, 1P, 2)%ROP(2,JP)
DG 38 1pP=1,2
DO 38 JP=1,2
38 RPP(1IP,JPI=DUUMY(IP,3P)

QUOT = ABS(RPP(1, 11}/ (ABS(RPP (141} ) ¢ARSIRPPIL,2))+ABSIRPP(Z,1})
! ~ABS(RPP(2,2)))
IF { QUOT LY, 0.1 ) GO TO 120
F2HOT=F2P/RPP(1,1)
GO TC 150
120 QUOT = ABS(RPP(142))/(ABSIRPPIL,]1)I¢ARSIRPP(1,2))+ABS(RPP(2,1))
1 +ABS{RPP(2,2)))
IF € QUOT LT, 0.1 ) GO ' 130
F2B0T=--F1P/RPP{1,2)
GQ 10 150
130 F2ROT=RPP(241I%FLP+RPP(2,2)¢F2P
150 F2ROT=F280T
PHIL(1)2=0,0
PHI21(11=F280T
KTOUP=1
K= [MAX+]
PHIL(K)=F1P
PHI2{K) 2F2P
331 Ti=zPHILIK)
T2=PHI2(K)
KzK=1
TFIK JEQ. 1) 0N 10 &n)
CzC1iK)
VX=svX!(K)
VY=vYl(x)
CALL A7 AACOMEGA AKX 4 AXY 4 Cy VX VY4 A)
XzA{1o100020A(1,210A02,1)
IF(X 6T, 0.0} GO 10 340
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AANP
NA4P
MAMP
NAup
NAMp
RAMD
AAMD
NAMP
KAMP
AAND
AAMP
NAuP
(Y UT
AAup
NAMD
NAMP
NAWP
NAuP
VYT
NAuP
NAMP
AAWP
NAUD
YY1
NAMP
NAMP
AAuD
NAUP
MAVP
ANAMD
AAMP

NAMP
ANAMP
NAMP
NA#P
AAMP
NAMP
NAMP
NAMP
MNAMD
NAMP
NAMP
ANAMP
NAMP
LAMP
NAMP
AAMP
ANAMP
NAMP
NAMP
NAMP
LY.L 1
NAMP
NAMP
NA Mp
NAMP
AA NP
AAMP
NAMp
NAvP
NA4P
MAMP
RAMD

211
212
213
214
218
216
2117
218
219
220
271

222
2?3
224
225
2?24
227
278
229
230
it

232

23?
PAYS
235
276
2317

734
239
24"
241

262

243

244

245

246
247

248

249
250
251

252
253

256
255
256
257
258
259
260
261

252

263
264
265
266
267
268
269
210
271

272

273
274
275
276
211
278
219
2RC

PROGRAM
NAMPOE

PAGE
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333 PHIMIK)I=EMPIK, 1, Lo T ocMP (K 1,202 T2 LAMP 2A1

PHI2UIKI2EMPIK, 2, LISTI4EMP(K 2420272 NAMP D82
G0 T0 331 NAVD 2R3
34C D1=Allo1)®TL#A(L,2)2T2 NAMD P4
D22A02,1)9T14A(2,2)%T2 INUERF T
IF { D1 LT, 0.C +ANDe T1 oLTe 0,03 GNP TN 341} PAMP 204
IF (D1 LGT, D0 oAND, Tl oGV CoC ) GF TC 36} NAMP 2R7
1F { D2 oLV, 0.0 JAND. T2 L Ts 0,C ) GO YO 34} AAMD 248
IF ( D2 .G6T, 0.C «AND, T2 GV, C.0 J GO TC 34} AAMP 249
GO 10 333 hAMD 2Qn
341 CONTINUE FAMP D0y
C AT THIS POINT THE CURRENT VALUE 9F K IS MOT ZERD OR (NE AAMR 202
KT CyPax AAMD 203
0C 360 K22,KTYpP NMAMD 2494
JET=K -] AAMD 2498
T1sPHIL(JET) RAMP 2Gg
T2=PHIZ2 (JET) AAYP 207
PHIUIKI=ENPLIE T9242)oTLI-EMP(JET 1421277 MAMP 23R
360 PHI2UK Ix~EMP(JET 92, 1) &T1eEMPLIETy 1410077 NAM® 249G
40C IF (NPRATLLT,D) GO TQ 415 NAVP 200
NICl = 0 NANP 3IN]
N2C2 = 0 AAMP 302
TAP Mx = } ANAMD 303
TAP2MX = ] NANP 304
APIMX *» AASIPHILI(L}) NAMP 3p6
AP2MX = ABSIPHIZ2(1)) NAMP 306
D0 &CT tNMYa),IMAX ANAMP 307
LN = LNM] + | AAMP 3ng
APIP = ARSI(PHIL(LNY) ANAMP 309
1F {APLP,LLEAPLIMX) GO TO 403 AAMO 310
TAPIMX = LN NAMP 311
APIMX = AP1P NAMP 312
4C3 AP2P = ABS(PHI2(LNY) NAMP 313
IF (AP2P,LE.AP2MX) GO T0 405 NAMP 314
AP2MX = AP2P NAMD 315
TAP2NX = LN © NAMP 316
405 IF U(PHIL(LNMLI®PHIL(LNI) LT,0.0) NIC1 = NIC1 + 1 NAMP 317
TF CIPHI2UULNMLI®PHIZILN) ) LT,0,0) N222 = NIC2 + ) NANP 318
4CT7 CONTINUE NAMP 319
Rl = PHIL(TAPLMX)7AP2ZMX AAMP 320
R2 = PHI2{TAP2MX)/AP2ZMX AAMD 321
R3 s PHI2(1)/4P2MX NAMP 322
WRITE (6,409) CMEGA,VPHSE, IAPINX,R1 ¢NZCLly TAP2MXR24N2C2,R3 NAMP 323
409 FORMAT (LH 4 3F 12,50 9%J39F 12050991 299X, 13,F12,549X913,F12.5) NAMP 324
415 DO 45C Ji=ly2 NAYP 328
IDA=LAYSL(I2) NAMP 326
C=CltICA) NAMP 327
VYXx=VX{¢ICA) NAMP 328
VYsYY (1A} ANAMP 329
CIIZta2)=Cl{ 10A) . NAMP 330
VXIJ2ZLJZY= VX1 (10A) NAMP 313)
VYLJZ{JL)evY Ll 1DA} NANP 332
IFLIDA LEQ. IMAX#l)} GO TO 420 NAMP 333
1FLIDA JLE. KTOUP) GO TO 430 AANP 334
JET=IDA+] NAMP 336
HeHI(IDAY=-DEL T(JL) KAMP 336
CALL MMMG{N“TGAy AKX AKY ¢ C g VX o VY o Hy ENY) NAMP 337
3 SLEJZY sEM( L1 *PHITUJET)IOEMIL,2)%PHTI2ZLUET) NAMP 338
S20JZ)=EM( Y ) YPHITLJETIO M(2,2)¢PHI2(JET) AAMP 339
] GO TO 450 NAMP 340
- 420 EQON=EXP(-G*DELT(I )Y MNAMP 341
S1{J2) =F1P*EIN RAMP 342
5 S2(J2) =F2P*EIN NAMP 343
GO T0 450 NAMP 344
«3C HaCELTLSZ) . AAMP 368
CALL MMNM(OMEGA ) AKX AKY s Co VX4 VY ) Hy EM) NAMPE 346  PROGRAM
SILUZ)eEME2,25%PHIL (TDA)-EM(1,2)0PHI2{ DA} NAMP 24T  NAMPDF
S2{JL1==-EM{ 2, L)SPHITUIDADSEM{L, LI*PHI2(INA} NAMP 348
450 CONTINUE NAMP 349 PAGE
C NAMP 380 1
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AT THIS POINT S1(J2),S2(J20eCIJIZLJLY, ETC. ARE STORED FOR J2=] AND 2.
WE COMPUTE THE DOPPLER SHIFTED ANGULAR FREQUENCY AT SOURCE ALTITUDE,
100 BOMsOMEGA-~AKXSYXIJZINSCRCE ) ~AK "¢VYYI JZ{NSCRCE)

WE COMPUTE ZIFN AT OBSERVER ALTIVUDE
ZFNe{,0098/CISZINGBS) ) #SLINOBS)-CIJL(NCASI®S2(NOBS)

HERE WE TAKE THE ACCELERATION OF GRAVITY TO BE .0098 KM/SECse2,

OO0 00 OO0

COMPUTATION OF INTVEGRALS
[T=3
CALL TOYINT(OMEGA¢ AKX AKY o IT )L o X PHE L, PHIZ)
IF{L .EQ. -1) GO TO 200
177
CALL TOTVINT(OMEGA AKX AKY,y IToL o XT4PMNIL,PHI2)
IF(L .EQ. ~-1) GO WO 200

C FINAL ANSWER
AMPLTD= 0.,58S2(NSCRCEI*ZFN/{ (X3 KT} oRON)
RETURN

C IF YOU ARRIVE MERE: THE UPPER BOUNDARY CONUITION COULD NOT BE SATISFIE
200 AMPLTD=0,0
RETURN

END
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NAMP
NAMP
kAP
NANP
NAMP
NAMP
NAMP
MAMP
NAMP
KAMP
NAMP
NA NP
NANP
MAMP
NANP
NAMP
NAKP
NA MP
MAMP
NANP
NAMP
NAVP
NAMP
(Y14
NANP
MNP

351
152
353
354
355
356
357
358
359
360
361
362
353
364
365
366
367
368
369
370
371
372
373
37¢
375
376

PROG RAM
NAMPDF
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NBOFN (SUBROUTENE) 1725768
~ee=ABSTRACT «-w-

TITLE - NMDFN
SUBRCUTINE TO COMPUTE THE NORMAL MODE DISPERSION FUNCTION FPP
FOR GIVEN ANGULAR FREQUENLY OMEGA, PHASE VELCCITY MAGNITUOE
YPHSE AND PHASE VELOCITY OIRECTION THETK, FPP SHOWLD VANISH
IF BOTH UPPER AND LOWER BOUNCARY CONOITIONS ARE SATISFIED FOR
THE SCLUTIONS OF THE RESIOUAL EQUATIONS

D(PHILI/DZ = AtLl,1)*PHILT(Z) ¢ K(1.,20%PHI2(2)
D{PHI2) /02 = A(2,1)%PHIL(Z) + A(2,2)¢PHI2(]Y

WHERE THE ELEMENTS OF THE MATRIX A VARY WITH HEIGHT Z, BUT ARE
CONSTANT IN EACH LAYER OF A MULTILAYER ATMOSPHERE. THE ELEMENT
Of A ARE FUNCT IONS OF OMEGA, AKX AND AKY AS DESCRIBED IN
SUBROUTINE AAAA WHERE

AKXz NMEGA®COS(THETK ) / VP HSE
AKY=QMEGA® SIN( THETK) /VPHSE

THE FUNCTION FPP [S DEFINED AS THE YALUE OF PHI1 AT THE GROUND
(Z=0) WHEN (1) THE UPPER BOUNDARY CONDETION CF PHIL1 AND PHI2
ODECREAS ING EXPONENTIALLY WITH HEIGHT IN TH: UPPER HALF SPACE

1S SATISFIED, AND (25 PHI1 AND PHI2 AT THE RCTTOM OF THE UPPER
HALFSPACE ARE GIVEN BY A(142) AND -(G¢A(1,1)) WHERE

GosSORT (ALl 10%824A(142)%A1241))s THE ELEMENTS OF A HERE ARE
THNSE APPROPRIATE TO THE UPPER HALFSPACE. CCNOITIONS (1) AND
(2) ARE NOT INDEPENDENT. 'CONDITION (1) IMPLIES THAY Gee2 ,GT.
AND CONDITION (2) WITH Goe2 POSITIVE IMPLIES (1), IF Ges2 (S
NEGATIVE, FPP DOES NOT EXIST AND ta-1 15 RETURNED, OTHFRNISE
Lal IS RETURNED.

PROGRAM NOTES

THE PARAME TERS OEFINING THE MULTILAYER MOODEL ATMOSPHERE
ARE PRESUMED TO BE STORED IN COMMCN.

THE SUBROUT INE RRRR IS YSED TO GENERAYE THE MATRIX RPP
WHICH CONNECTS SOLUTIONS OF THE RESIDUAL EQUATIONS aAY
THE BOTTOM OF THE UPPER HALFSPACE TO SCLUTIONS AT THE
GROUND, IN TERMS OF THIS MATRIX, THE NMDt IS GIVEN BY
FPP= RPP(1,118A(1,2)~RPPLL,21%(CGeAlL1,1))
LANGUAGE - FCRYRAN IV (360, REFERENCE MANUAL (28-(515~4)
BUTHOR = ACoPTERCEy MoloToy AUGUST,1968
~s==CALL ING SEQUENCE=-=~-
SEE SUBRCUTINES LNGTHNy WIDENMPOUT
OIMENSICN C1(100},vyX1{100),vY1{100F,HI(100})
COMMON IMAX)CloVXEgVY1gHl (THESE MUST BE STOREDC IN COMMCN}
CALL NMOFN{CGMEGA,VPHSE THETK L ¢ FPP oKX}
~-- =~EXTERNAL SUBROUT INES REQU IRED~=-~~
RRRR yMMMP o AAAA JCAL¢SAT

weea ARGURENT LISTecw-

OMEGA Re 4 ND INP
VPHSE Re 4 ND INP
THETX Reg RO INP
L {4 ND out
FPP Red NO out

=254~

NMODF
NMDF
NMOF
LMOF
NMDF
NMDF
NMOF
NMDF
NMDF
NMDF
NMOF
NMDF
NMOF
NMOF
AMOF
NMODF
NMDF
NMOF
NMDF
NMOF
NMDF
NMDF
NMDF
NFDF
NMOF
NMOF
NMDF
NMDF
NMDF
NMOF
NMDF
AMOF
NMOF
NMOF
NMOF
NMODF
NMDF
NMDF
NMOF
NMOF
NFOF
NMOF
NMDF
NMOF
NMDF
NMDF
NMDF
NMOF
NMOF
AMDF
AVOF
NMDF
NMOF
NMOF
APOF
NMDF
NMOF
NMOF
NMOF
NMDF
NMOF
NMOF
NMDF
NMDF
NMDF
NMDF
NMOF
NMOF
NMDF
NMDF

- et gt 0P ps o s P8 s
BNV PWNTOOBNONEWN -

PROGRAM
NMOFN
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L

el
cv A n ot b EEE RIS o«

[+ K I®4 NO OUT  (ALWAYS RETURNED AS K=0) NMDF 71
[ MOF T2
C CCPMCN STORAGE USED NMDF 73
C COMMDR IMAX,CT VXI4VY]IoH1 NMDE T4
C NMOF 75
c 1MAX 1*4 ND INP ’ NMOF 76
C ct R= 4 100 INP NMDF 77
[ VXt Re4 100 INP NMDF 78
C vyl R¥4 100 INP NMOF 79

C H1 Re& 100 INP NMDF 80 :
C ANOF 81
C ==== INPYT§=m-- NMOF 82
C NMOF 83
3 C OMEGA sANGULAR FREQUENCY IN RAD/SEC NMOF 84
. C VPHSE =PHASE YELOCITY MAGNITUDE IN KM/SEC NMOF 85
1 [ THETK =PHASE VELOCITY DIRECTION RECKONED COUNTER CLCCKWISE NMOF 86
c FROM THE X AXIS IN RACIANS NMOF 87
C IMAX =NUMBER OF LAYERS OF FINITE THICKNESS NMOF 88
C CHn =SOUND SPEED IN KM/SEC IN [-TH LAYER NMOF 89
[+ vXIen) =X COMPONENT OF WIND VELOCITY IN I-TH LAYER (KM/SEC) NMDF 90
o vyictnl =Y COMPONENT OF WIND VELOCITY IN I-TH LAYER (KM/SEC) NMDF 91
c HI(Y) =THICKNESS IN KM OF 1-TH LAYER OF [=TH THICKAESS NMOF 92
[ NMDF 93
C ===~0UTPYTS~wn= NMDF 94
C NMOF 95
C L =1 IF NORMAL MODE DISPERSION FUNCT ICN EXISTS, ~1 IF NMOF 96
C 1T DOES NOT. NMDF 97
C FPP =NORMAL MODE DISPERSION FUNCTIGN NMDF 98
c K =DUMMY PARAMETER ALWAYS RETURNED AS K=0 NMDF 99
C AMDF 100
C ~===PROGRAM FOLLOWNS BELOW~--~ NMDF 101
C NMDF 102
SUBROUT INE NMOFN{OMEGA¢ VPHSE y THETK L oFPP 4K} NMDF 103
C NMDF 104
C CIMENS ION AND COMMON STATEMENTS LOCATING PARAMETERS DEFINING MODEL AMOF 103
C MULTILAYER ATMOSPHERE NMDF 106
OIMENSION CT(100),VXI(100),vYI{100},HI(100) NMOF 107
COMMCN IMAX,CTLaVXTy VYT, ML NMOE 108
c HMDF 109
DIMENS ICN A(2,2),RPP{2,2) AMDF 110
[+ NMDF 111
C COMPUTATICN OF AKX AND AKY NMOF 112
AKX =('MEGA®COS (THETK ) /VPHSE NMOF 113
AKY=QMEGAS STN(THETK) /VPHSE NMDF 114
c NMOF 115
C CCHPUTATION OF MATRIX A AND G®%2 FOR UPPER HALFSPACE NMDF 116
Je] MAX+ L NMOF 117
CeCl1JY NMDF 118
VXsvVX1(J) . NMDF 119
VYsVY1(J) NMDF 120
CALL AAAQ(OMEGA AKX AKY ¢ Co VX o VY oA} NMOF 121
GUSO=A( 1o 1) 0%2¢A{ 1,2)0A(2,1) NMOF 122
C NMDF 123
IF{GUSQ 6T, 040) GO TO 11 NMDF 124
4 NMDF 125
€ GUSQ IS LESS THAN ZERO NMDF 126
L==1 NMDF 127
RETURN NMDF 128
[ NMDF 129
C GUSQ IS GREATER THAN ZERC NMDF 130
11 L=] NMDF 131
GUsSQRT(GUS Q) NMOF 132
C NMDF 133
C COMPUTATION NDF RPP MATRIX AMDF 134
CALL RRRRUOMEGA ¢ AKXy AKY, RPP X ) NHDF 135

C NMDF 136 PROGRAM

C COMPUTATICN Of Fpp NMDF 137 NMDFN
FPPCRPP (1,1 18A(1,21-RPPLL, 21#(GU+ALL, L)) NMDF 138

c NMOF 139 PAGE

RETURN NMDF 160 51
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T

END
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NMDF 141

L
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NX M

VITLE ~

ODE (SUBROUTINE) 6/24/68

ceeABSTRACT-—=-

NXMODE

PROGRAM TO FIND A POINT WITH COORDINATES I» 1FND, J= JFND IN AN
ARRAY WITH NOM COLUMNS AND NVP ROMS. FOUND POINT CORRESPONDS
TO STARTING POSITION FOR CALCULATICN OF PHASE VELOCITY VERSUS
FREQUENCY OF A PARTICULAR GUIDED MODE, A TABLE OF VALUES OF
THE SIGN OF THE NORMAL MODE DISPERSICN FUNCTICN IS PRESUMED

YO BE STORED AS INMODE{{J-1)onVPel) FOR EACH POINT (1,J) IN THE
ARRAY, DIFFERENT COLUMNS (J) CCRRESPOND YO CIFFERENT FRECUEN-
CIES WHILE DIFFERENT RONS (1) CORRESPONC TO DIFFERENT PHASE
VELOCITIES., THE SEARCH PRCCEEDS FROM AN IWITIAL POINT (IST,JSTY
TO SUCCESSIVE ADJACENT POINTS HAVING THE SAME INMOOE AS THE
STARTING POINT. THE DETERMINATION CF (IFND,JFNO} IS SUBJECT TO
THE FOLLOWING RULES.

1o IT MUST LIE BELOW OR TO THE LEFT OF A POINT MITH
QPPOSITE INMODE

2. IF MUSY BE THE HIGHEST POINT (LOWEST [} IN THE REGION
SATISFYING CONDITION 1

3, IF MORE THAN 1 POINY SATISFY 1 AND 2, THEN THE POINT
DETERMINED IS THAT FURTHEST TO THE LEFT,

4, ONLY POINTS IN THE RECYAMGLE ARE CCNSIDERED

THE COMPUTATION ASSUMES REGION OF SUCCESSIVELY ADJACENT POINTS
HAVING SAME INMODE IS SIMPLY CONNECTED AND THAT PHASE VELCCITY
CURVES BEND DOWNWARDS, 1.Esy DIVPI/DIOM) LT. O. (THIS CAN BE
THE CASE PROVIDING VP 1S GREATER THAN THE MAXIMUM WIND
VELOCITY.} IF THE POINT [S FOUNDy K=1l, IF NOT FOUNDy KX=-1,

LANGUAGE = FORTRAN IV {360, REFERENCE MANUAL C28-¢515-4)

AUTHOR

SEE SuB

OIMENS ION INMODE(1)

CAL
NO EXTE

~ AeD PIERCE, MoloToy JUNE,1968
«===CALLING SEQUENCE--~--
ROUTINE ALLMOD
{VARTABLE DIMENSIONING)
L NXMODE(IST¢JST +NORNVP, INMODE, IFND; JFNDK )
RANAL SUBROUTINES ARE REQUIRED

====ARGUMENT LIST----

1s? I+4 ND INP
JsT . I*4 ND INP
NOM [*4 NO INP
NVP 1%4 ND INP
INMODE i*4 VAR INP
IFND [ %4 ND our
JENO 14 NO out
X 1*4 NO ourt

N0 COMMCN STORAGE USED

151
st
NOM
NVP

~--~INPYTS=-~-

*ROW INDEX OF START POINT
sCOALUMN INDEX OF START POINT
«NO, CF COLUMNS OF ARRAY
*NO., OF ROWS OF ARRAY

INMOCELLY +SIGN OF NORMAL MODE DISPERSION FUNCTION, t IF PCS.,

=1 IF NEGey 5 IF IT DCESN'T EXIST, LET (I=L MDD NVP,
Jeil-11/8NVP41, INMODE(L) IS SIGN CF NMDF FOR
OMEGA=C4lJ )y PHASE VEL . sYPI 1)y WHERE GM{J) GE. OM(J

-257~

AXMD
NXRD
NXMD
AXMD
NXMO
AXMD
NXMD
NXMD
NXND
HXMD
NXMD
AXMD
NXHD
NXMD
NXMD
AX MO
RXMD
NXMD
AX MD
NXMD
NXMD
AXMD
NXHO
AXMO
NXMO
NXMD
NXMD
NXMD
NXMD
NXMD
NXMY
NXMD
NXMD
AXMD
NXMD
NXMD
NXMD
NXMD
NX MO
AXMD
NXMD
NXMD
NXMD
NXMD
AX MO
NXMD
NXMD
NXMD
NXMD
NXMD
KNXMD
KXMD
AXMD
NXMD
AXMD
NXHD
NXMD
NXMD
AXMD
NxMD
NXMD
hX 40
NXMD
AX ™D
NX M
AXMD
RXMND
NXMD
AX M
NX4D

O ® NP N

PROGRAM
NXMCDE
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[2) OO ADOACOAOANDNOOONAHO

[aNaNa¥ey

(R o Xl

(2 ¥ X el
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AND VPLI) JLE. VPLI-1).

e QUTPUTS —=m =
1END =ROW INDEX OF FOUND POINT
JEND =COLUMN INDEX OF FOUND POINT
X = FLAG INDICATING LF' POINT (IFND,JFND} IS FOUND, 1 IF

YES, ~1 IF NO.
—==eEXAMPLE -~
SUPPOSE THE ARRAY OF INMODE VALUES 1S AS SHOWN BELOW

E04000 0~ NVPa8, NOM=11

YT

fevccant bt IF 1ST=8,35T=5 THEMN [FND=3,JFNDs2,K=2]
55 accctste 1F IST=2,JS¥=5 THEN [FAD=2],JFNDs9,K=}
[, PO IF 1ST=3,JST=7 THEN IFND=3,JFNDe2,Ka~]
5§ cmmnncant IF IST=8,4JST=2 THEN K=-]

§6cmconnant I1F [ST®2,J5T21]l THEN K=-1

~===PROGRAM FOLLOWS BELOW-~-=-

SUBROUT INE NXMODE(IST ¢ ST NOMyNVP o INMODE ¢+ 1FNDs JFNDy K}

OIMENSICN INMOVDE(1)

L IFC IST .GT. NVP  OR. JST .GT. NOM) GC TO 100
10 = INMODE{(JST-1)oNVYP+IST)

3 IF( 10 oNE. 1 JANOD. !0 .NE. -1) GO TO 100

THE PNINT (IST,JST) LIES IN THE ARRAY AND THE NORMAL MODE DISPERSION
FUNCTION EXISTS AT THIS POINT WITH A SIGN IC., WE FIRST GO UP UNTIL
A CIFFERENT INMODE IS ENCOUNTERED OR UNTIL WE REACH I=]
I= 17
J=JsT
10 IFL 1 .€EQ. 1} GO TO 30
I=1-1

ICHKSINMODE((J~1 ) oNVPe T}
IFC ICHK .EQ. 10) GO TO 10
[21e]

THE CURRENT | 1S NNT 1, IF THE ICHK OF THE POINT ARDVE 5 NCT 5, WE
MOVE TO THE LEFT,
15 IF({ ICHK .EQ. 5} GO TO 50
IF{ 0 +EQ. 1) GO TC 20
Jrd-1
ICHKsINFCOE((J=1)*NVPe1 )

IF THE ICHK<OF THE CONSIDERED NEW POINT IS 10, WE TRY TO GO HIGHER
AGAIN,

IF{ICHK LEQ. 10) GO TO 10

JaJel

WE YAVE ~10 AROVE THE CURRENT POINT AND ARE FITHER CN THE FAR LEFT OF
THE TABLE OR FLSF HAVE A OIFFERENT SIGN AT YHE POINT TO THE LEFT,
THIS 1S INTERPRETED AS SUCCESS.
2¢ K=}
JFND= |
JFND=J
RETURN

THE CONSIDERED NEWw POINT 1S OIN THE FIRST ROW, WE GO TO THE RIGHT,
30 IFL J JEQG. NOM} GO TO 60
JuJel
ICHKaINMODEL ()= ) sNVPe )
IF( ICHK LEQ. [0) GO TO 3D
Js J-1

-2586~

NXMD
AXMD
NXMD
NXMD
NXMD
KXMD
NXMD
NXMD
NXMD
NXMD
NXMO
NXMD
NXMD
NXMO
AX M0
NXMO
KXMD
NXMD
NXVD
Ny MD
NXMD
NXMD
NXMD
KXMD
NXMD
AXMD
NXMO
AXMO
NXMD
NXMD
AXMD
NXMO
AXMD
NXMD
NXMD
NXMD
AXMD
NXMO
AXMD
NXMD
NX%0D
AXMD
NXMD
NXMD
AXMD
NXMD
NXND
AXMD
NXMD
NXMD
NXMD
NXMD
NXMD
AXMD
AXMD
NXMD
NXMD
NXMD
NXMD
NXMD
AXMD
NXMD
NXMD
NXMD
NXMD
AXMD
AXMD
AXMOD
NXMD
NXMD

71
72
73
T4
75
16
77
78
79
890
a1

83
84
85
86
87
88
89
90

92

93

9%

95

%6

97

98

29
100
101
102
103
104
105
106
107
108
109
1190
111
112
113
114
115
116
117
118
119
t12¢
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
134
137
138
1319
140

PROGRAM
NXMOOF
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IF THE PPINT AT THE RIGHT OF CURRENT {1,J1 IS -10, WE HAVE SUCCESS
IF{ ICHK LEQ. ~10) GO TO 20

P IT 1S NCT -10, WE ALLOW FNR POSSIARILITY OF INMODES2S IN UPPER RIGHT
FAND CORNER OF THE TASLE AND TRY TO SKIRT THFSE FIVES BY MOVING EITHER
OCWNWARDS CR T THE RIGHT,
4C IFL 1 LEQe NYP) G2 TC 70

1=1¢]

JCHKSINYIADE((J-1)~NVPe])

IF THIS ICHX IS ¢IN WF ARt IN A POSITINN TC *MaAKE A TRY OF MOVING TO
THE @ IGHT,
44 TFU ICHK (NE, 10) 6O TO 80

[F WE ARE CN THF RIGHT HAND SIDE CF THE TABLE THE DESIRED PCINT CANNOT
RE FNUND, WE RFTURN WITH K=-1
45 TIFL J JEQ« NOM} GO TO 10D
JrJel

IV IS TAXEN FOR GRANTEG THAT THE INMOOE OF POIAT ABCVE CURRENT {1,4)
IS 5 SINCE IT waS FOUND TO 8 5 TO THE LEFT AND AROVE. THE INMODE OF
THE PCINT TN THE LEFT IS 10, IF THE NEW INMODE IS +10, WE HAVE TO TRY
TO MOVE FURTHFR TO THE RIGHT.

ICHK=TAMEDE (LI -1 ) *NVP+ )

IF{ ICHK EQ. 10 } GO TQ 45

J=J-1

[F THE CURRENT ICHK IS 5, WE TRY TC GC DCWN AGAIN. THE OTHEK PCSS-
IBILITY, [CHK==-10 INDICATES SUCCESS

IFL 1CHK LEQ. -10) GU TG 20

GC TC 40

WE CCANTINUE HFRE FROM 15, THE POINT ABCVE THE CURRENT (1,J) hAS
ICHK ,EQ. 5S¢ THE SITUATION IS SUCH THAT WE CAN RESUME CALCULATICN
AT 435 AND TRY TQ 40VE FURTHER TC THE RIGHT,

50 6" TO 45

WE CONTINUE HERE WITH [=21,J=NIM FROM STATEMENT 30. SINCE WE HAVE NC
PLACE TN 6N THE SCARCH IS UNSUCCESSFUL. WE RETURN WITH K==1,
6C GN 1C 109

ME CCANTINUE FERE FROM STATEMENT 40 WITH I LEO. NVP AND INMODE=S T THE
RIGKT OF THE CURRENT (lyJ). WE RETURN WITH Ka-],
70 GO TC L

WE CONTINUEL MERE FROM STATEMENT 46 wWITH THEt POIANT BELCW HAVING
ICHK JNF, 10, THE POINT AT THE RIGHT HAS TCHK EQ. S WE CANNOT
SKIRT THE FIVES AND MENCE WF RETURN WITH K=-1,

AC GO TC 100

we CONTINUE HERE FROM 1,3445060,70,0R 80, THE SEARCH WAS UNSUCCESSHUL
100 K=-1

RETUPN

END
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AXMD
NXMD
AXND
AXMD
NXMD
AX M0
NXMD
AXMD
NXMD
NXMD
AXMD
NXMO
NXuD
NXMD
NXMD
AXMD
NXMD
AXMD
AXMD
KXMD
NXMD
NXMD
NXMD
NXM40
A XMD
NXM)
AXMD
NXMD
AX M0
A XM0
AXMD
AXMD
NXMD
NXMD
NXMD
NXMOD
NXMD
NXM)
AXMD
AXHD
AXMD
AXMD
AX M)
NX4D
NXMD
fXMD
NX40
AXMY
NXMD
AXMD
A X4}
NXMTD
AXMn
NXMD
AX MDY

141
142
143
144
145
146
147
159
149
150
151
152
153
156
155
15¢
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
172
174
175
176
177
178
179
189
181
182
183
1 Ra
185
186
187
188
180
190
191
192
193
1 Q4
148
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NXT

PNT (SUBRNYTINE) £/24/58

~aweABSTRAC T~

TITLE ~ NXTENT

PRAGRAM T FINC THE NEXT POINT (12,J42) NF AN ARRAY OF NROW ROWS
AND NCCL CCLUMNS GIVEN THE PRECFDING PCINT (11,410, POINT WILL
BE USEN IN SURSFQUFNT CALCULATINN NF A PARTICULAR POINT (R THE
PHASE VELDCITY VERSUS FREQUENCY CURVE OF A GIVE™ GUIDED M(DE,

A TABLE 7F VALUES OF THE SIGN OF THE NORMAL »CDE DISPERSICN
FUNCTION 1S PRESUMED TN 8t STORED AS INM{(J-1)sNVP+i} FOR FACH
PrINT (1,9) IN THE ARRAY, OJFFERENT COLUMNS (J3) CORRESPIND TC
DILFERENT FREQUENCIES wHILE DIFFERENT RCWS (1) CORRESPOND TC
DIEFERENT PHASE VELOCITIES. SUCCFSSIVE POINTS ARE CHARACTERIZE
RY A IYPE, 1TvPL IS TYPE NF (11,J1) WHILE 1TYP2 IS TYPE OF
SECOND POINT. THE TYPE INDEX IS 1 IF THE PCINT DIRECTLY ABOVE
THE CONS TDERED POINT HAS AN [NM OF QOPPOSITE SIGR, 1T 1S 2 IF
THE POINT TG THE RIGHT HAS INM OF OPPOSITE SIGN. SINCE BOTH
PNSSTIRILITIES CAN OCCUR, THE DESIGNATED TYPr INDEX ITYP) PENOTE
THE PREVIOUS USE OF THE POINT (11.,J1) IN COMPUTATION. THE VALY
iTYyP2 WitL IN GENERAL DEPEND ON THE PREVIOUS VALUE 1TYPI,

THE NERIVED VALUES OF [2,J02,1TYP2 ARE CALCULATED AS FCLLANS,

1o IF ITYPL1 IS 1 AND INM OF POINT TO RIGHT ]S OPPOSITE
OF 1O INMULJ-1)*NVPoL),y THEN 12x11,42281,1TYP222,

2. THE POINT (12,J2) MUST FITHER BF THE DIRECTLY ADJACEN
POINT YO THF RIGHT f11,J1¢1), THE PCINT DIRECTLY BFIOQ
(f1elvJd1)y NR THE ADJACFNT PCINT TG THE LOWER RIGHT
(T1eloJdlel) IF CONDITION 1 NGES NOT HOLD

3¢ THE CHOSEN POINT MUST HAVF THE SAME INN AS (11,01}
AND HAVE A POINY EITHER QIRFCTLY ARCVF OR DIRECTLY YO
THE RIGHT WITH OPPOSETE INM,

4. IN THE EVENT MORE THAN ©NE POINT SATISFY CCADITICNS
2 AND 3, PRIORITY OF SELECTICN IS (1) THE PCINT TO
THE RIGHT, (2) THE POINT ODIRECTLY BELNW, {3) THE POIN
TQ THE LOWER RIGHT, IF THE STLECTFD POINT SATISFIES
CRITER{A FOR BOTH [YYP2=1 DR 2y 1TYP221 IS RETURNED,
NTHFRWISE, THE APPROPRIATE ITYP? IS RFTURNEC DEPENDIN
IN WHICH CRITERION 1S SATISFIECL.

THE CCMPUTATINN ASSUMES REGION OF SUCCESSIVELY ADJACENT POINTS

HAVING SAME INM TN RE SIMPLY CCNNECTED AND THAT PHASE VELCCITY

CUKVES B3FND DOWNWARDSy l.Eey  OLVPI/DUICM) LT, 0, 1F NEW POINT
1S FCUND, X=zel, IF IT IS NCT FOUND, Kz-1,

LANGUAGE ~ FORTRAN Iv (360, REFERENCL MANUAL (C28~¢515-4)
AL THOR

~ "AD.PIERCEY MoloTey JUNE,L1968

-===CALL ING SEQUENCE~--=-

SEC SUBPLUTINE MCUETR

Nes

DIMENS IL N INMIDEL D)

CINMODE 1S SAME AS INM)

CALL NXTPMT(IL ¢JLelTYPL 12432+ 1TYP24NRCWINCOL, INMADE,K)

If{
LSt

K ofCe =11 6N SOMEWHERE
12402,1TY 02

EATFRNAL LIARARY SUBRUUTINES ARE REQUIRED

ce=cAVGUMENT LIST--w-

1 Tes NO INP
J! [ el ND INP
t1ven tws ND INP
12 [ ) ND Nyt
3? [*s NO o
{vepr (e NDY nyt

=260~

AXPT
NXPT
NXPT
ARPY
NXPTY
AXPT
AXPT
NXPT
NXPT
NXPT
Rxerv
NXPT
NXPT
NXPT
NXPT
NXPT
AXPT
AXeT
NXPT
NXPT
NXPT
NXPT
NxeT
AXPT
NXPT
NXPT
Nxet
NXPT
NXPT
NXPT
NXPT
NXPT
NX#T
NXPT
NXPY
NXPT
nYPT
NXPT
NXPT
NXPTY
NXPT
AXPTY
NXPT
NXPY
NxPY
NXPT
NXPT
NXPY
AXPY
AXPY
NXPT
AXPT
NXPT
NXPT
NXPTv
NXPT
NXPT
hXPT
nxpey
AXPT
NXPT
AXPY
NXPT
NYPT
NYPT
NXPT
NXPT
NXPT
AXPT
AXDY

PN IR S I VS Kl

PROGRAM
NXTUNT
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c

[
C
4
C

NROW 1=4 ND INP

NCOL 1%4 ND INP
INH is4 VAR NP
K I= NOD our

NC CCHMCN STORAGE USED

——m= INPYY S~

11 =ROW [NDEX OF START POINT

J2 =COLUMN INDEX OF START POINT

1TYp} =TYPE INDEX OF START POINT, | MEANS FOIMT ABCVE hAS
DIFFCRENT INMy 2 MEANS POINT TO RIGHT HAS DIFFERENT
INM,

NROHW zNUMRER OF ROWS IN ARRAY

NCOL =NUMRER OF COLUMNS [N ARRAY

INM =SIGN OF NORMAL MODE OISPERSION FUNCTION, L IF PDS,,

-1 IF NEGa.y 5 IF T DOESN'T EXIST. LET {=L MOD NvP,
J={L-1)/NVP+l, INMOIDE(L) IS SIGN CTF NMDF FCR
OMEGA=OMIJ), PHASE VEL, =VP(I1), WHERE OM{J} .GE. CM(J4
AND VP(I1) JLE. VP(I-1}

e~ QUTPUTS -

12 =R3W INOEX QF FOUND POINY

32 zCHOLUMN INDEX CF FOUND POINT

1TvP2 =TYPE INDEX OF FOUND POINT

3 =FLAG INDICATING IF POINT (12,32) IS FOUND, 1 IF YES,
-1 IF NO
~==eEXAMPLE--~~

SUPPOSE THE ARRAY OF [INM VALUES IS AS SHOWN SELOW

XTI NROW=8, NCOL=11

YT T

femmm res e 1F 1123,Jl24,1TYPL=x] THEN 1223,J2=5,
§5emmmw ree [TYP2=14K=1]

66 ammommnn +

§fwm - + [F I1=14J139,1TYP1=2 THEN 12272,42=10,
§5emmommnn . ITYP2x14K=1

§rcccnnna +

IF 1123,31=T7,1T¥P1=1  TeEN (223,427,
1TYP222,K=1

1IF 1123,J1211,5TYPl=] THEN K=z={
===<~PROGRAM FOLLNWS BELOW--=-

SURRUUTINE NXTPNTUIL1 301, ITYPY, 12,02, 1TYP2,NROW,NCOL» INM,K)

OIMENRSICN INM(Y)
1OsINM{ (JL-1)*NRONTL)
LIFE 10 «6Q. 5 «NR. 11 .GTe NROW 40R, J1 .GE. NCCL) GO YO 390

IR IS INM OF POINT TO THE RIGHT. [0 IS INM OF POINT {11sJ1).
S IRaINMI{JY) SNRNWeT L)
6 IFL IR NE., 10 ) GO TO 15
TIFC I LEQ. L ) GO TN 30

IR HAS THE SAME SIGN AS 10, € CHECK [R() REPRESENTING INM CF UPPER
RIGHT PRINT, IF THIS IS =10y THE RIGHT PNINT T[S THE GFSIRED POINT,
IF 1T 1S NOT =19, WE CANNOT FINC (12421},
10 [P INMICJIIANRDWS 11
11 IF{ [RYU WNE. =10 ) G5 TN 30
11Yp2s]
12=11
J2z 9141

-261-

NXPT
KXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPy
NXPT
NXPT
NXPT
NXPT
Nxet
NXPTY
NXPTY
NXoT
NXPT
NX8T
NXMT
NXPT
AXPY
NAPT
NXOY
NXPT
NXOT
AXPT
NXP T
NXFT
NXPTY
HxpT
NXPT
NXPT
NXPT
AXPT
NXPT
NXPT
NXPT
NXP1
NXPTY
NXPTY
NXPT
NXPT
AXPTY
NXPT
NXPY
NXPT
NXPT
NXPT
NXPT
NXPT
NXPY
AXPT
NXPT
NXPT
NXPY
AXPT
NXP T
NXPT
NXPT
NXP T
NXPT
NXPY
NXPT
NXPT
KXPT
AXPY
NXOT
NXPT
AXpT

7
72
73
74
75
76
7
73
79
80
81
82
83
A%
RS
h6
87
Ll
RQ
90
1

Q3
9%
95

97

98

99
100
101
102
1n3
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13
132
133
134
13%
136
137
138
120
140

PROGRAM
AX TONT
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K=l
RETURN

WE ARRIVE HERE FROM STATEMENT 6. THE PCINT TO THE RIGHT HAS A
ODIFFERENT INM, [IF THIS IS =10 AND 1TVYP1x]l, WE HAVE (12,J2)=(11,41)
WETH {TYP2s2, IF THIS 1S S5, WE CANNOT FIND (12,J2).

15 IFt IR .£Q. S ) GO TO 30

IR3~10 AT THIS POINT
IFL ITYP1 .NE. 1 ) GD TO 25
12211
J2=J1
1TYP222
Nl
RETURN

[R=-10, ITYPL IS 2., WE CONTINUE FROM STATEMENT 15.

BOTTOM ROW, WE CANNOT FIND NEW POINTY
25 IF (I1.EC.NROW) 60 TO 30

WE CONS [DER PCINTS BELOW AND TO LOWER RIGHT
102IRM({J1-1)*NRNW+IL+1 )
IDR= INM({J]1)oNROW+11+1)

IF I0R IS 59 WE CANNOT FIND THE NEW POINT
26 IF{ IDR LEQ. -5 } GO TO 30

IF I0R 1S I1Cy THE NEXT POINT |5 THE DR PCINTY
27 IFL IOR «NE. 10 ) GO TO 28

[2=11¢1

J23dl+l

1TYP2=1

K=l

PETURN

IR==~10y [TYPL 1S 2, IOR IS ~10, WE CONTINUE FROM STATEMENT 27,

28 [FU 1D JNE, [0 ) GO YO 30

THE NEXT POINT IS THE DOWN PNINT
12=1)+]
J2=41
{TYp2«2
Kwl
RE TURN

WE ARRIVE HERE FROM 1,7,11,+15,25+26. THE NEXT POINY CANNOT BE FCUND

30 K==
RETURN
END

262~

IF WE ARE ON THE

NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NPT
NXe T
NXPT
NXPT
NXPY
AXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPTY
NXPT
MXPT
NXPT
NXPT
NXPT
NXPT
AXPT
NXPT
NXPT
NXPT
NXOT
NXPT
AXPT
RXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
NXPT
AXPT
NXPT
NXPT

141
142
143
164
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

PROGRAM
NXTPNT
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PAN

TITLE -

PDE (SUBROUTIN®G! 1/30/68
—===ABSTRAC T=-n~

PAMPDE

PROGRA® TO COMPUTE AND STORE. AMPLITUDE FACTORS AMP(J) AND FACT
AND SCALING FACTOR ALAM, THE QUANTITY AMP(J) IS THE QUANTITY
AMPLTD COMPUTED BY SUBROUTINE NAMPDE WHEN THE ANGULAR FREQUENCY
1S OMKOD{J) AND THE PHASE VELOCITY IS VPMOD(J}., IT CORRESPONDS
TO THE NMODE-TH GUIDED MOOE WHEN J IS BETWEEN KST(NMODEY AND
KEEN(NMODE)s INCLUSIVE. THE QUANTITY FACT IS DEPENDENT ON
SOURCE ALTITUDE ZSCRCE AND OBSERVER ALTITUDE Z08S AND IS GIVEN

FACT = CONSTOCI(1)%UED*(PSCRCE/]1.E6)%%D,333333

WHERE CONST=4. 0/SQRV(2#P1), Cl1{1) IS THE SOUND SPEED AT THE
GROUND, (PSCRCE/1.E6) IS THE AMBIENT PRESSURE AT ISCRCE OIVIDED
BY THE AMBIENT PRESSURE AT THE GROUND. THE CUANTITY UED IS

THE SQUARE ROOT OF (AMBIENY DENSITY AT ZOBS)/{AMBIENT DENSITY A
ISCOCE ). THE SCALING FACTOR ALAM [5 GIVEN BY

ALAM = {1 ,E6/PSCRCEN**{0,333333)(Ci(1)/CI(ISCR)
WHERE CI(ISCR) IS THE SOUND SPEED AT THE SOURCE ALTITUDE., THE

SIGNIFICANCE OF THESE QUANTITIES IS EXPLAINED IN SUBROUTINE
PPAMP,

PROGRAM NOTES

THE PARAMETERS IMAX CIoVXIo VYl oHI DEFINING THE MULTILAYER
ATMOSPHERE ARE PRESUMED STORED IN COMMON, THE AMBIENT
PRESSURES ARE COMPUTED B8Y CALLING SUBROUTINE AMBNT WHICH
ALSO COMPUTES THE INOICES 108S AND ISCR OF THE LAYERS

IN WHICH OBSERVER AND SOURCE, RESPECTIVELY, LIE.

IN COMPUTING AMBIENT DENSITIES, VHE IDEAL GAS LAW
RHO= GAMMASP/Cesz 1S USED. THUS UED = (CI(ISCRI/CICIOAS))
SQRT(POBS/PSCRCED .,

IF NPRNT 1S POSITIVE, A HEADING IS PRINTED FOR A TABLE

TO BE PRINTED BY SUBROUTINE NAMPODE., SEE FORMAT STATEMENT
19 FOR THE OEFINITIONS OF TERMS IN THE HEADING. PHIL

AND PHI2 SATISFY THE RESIDUAL EQUAYIONS PRESENTED IN THE
ABSTRACT OF NAMPODE,

LANGUAGE -~ FORTRAN 1V (360, REFERENCE MANUAL C28-6515-4)

AUTHORS - AeD.PLERCE AND JoPUSEYy MoloTey JULY,1968

~==~CALLING SEQUENCE~-=~

SEE THE MAIN PROGRAM
DIMENSION CI{100},VXI(100),VYI (100, 443(100)
OIMENSION KST(1) (KFIN{LY, OMMNDI1) o VPMOD{1) o AMP( 1)

THE PRO

GRAM USES VARIABLE OIMENSIUNING FOR QUANTITIES IN ITS

ARGUMENT LIST.
COMMON TMAX,CIoVX{sVY1oHI THESE MIST BE STORED I[N COMNON)

CAL

L PAMPOE{ZSCRCE1LOBS o MDFND o KST ¢KFINJOMMCO oV PHOD ¢ AMPy AL ANy

1 FACTTHETK,NPRNT )

AMB

-===EXTERNAL SUBROUTINES REQUIREL ===~
NT ) NAMPDE o TOTINT o MMMM o AAAA ¢ USEAS 4UPINT 4ELINT,B88B,CAT,SAl
~-==ARGUMENT LIST-~--

ISCRCE Re4 ND INP
108$ LA ND INP
MOFND Tes NO INP
KST 1s¢ VAR INP

~263--

PAMP
PAMP
PAMP
PANP
PAMP
PAMP
PAMP
PANP
PAMP
PANP
PAMP
PANP
PAHP
PAMP
PAMP
PANP
PAMP
PAHP
PAMP
PANP
PAMP
PAMP
PAMD
PANP
PANP
PAMP
PAMP
PANP
PLMP
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PANP
P ANP
PAMP
PAMP
PAMP
PANP
PAMP
PAMP
PAMP
PANP
PAMP
PAMNP
PANP
PAN?
PANP
PANP
PARF
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PANP
PANP
PANP
PAMP
PANP
PANP
PAMP
FANP
PAMP
PAMP
PARP
PANP

OO 0 0=t p=d s put PP uod b Pt et
OVO~NIVMIPWUNFHDIO®NCWMSWN -

NNoNNNON
~O NP WN -

wN N
[~ -

ww W W
FR N

w W
(- Y]

VMAVAVRR PP 2Pt rrruvww
RIPWNODRdCT NP WNMN=OOCT

[WRY RN )
o -3 O

o w»
L=

>0 00
AL IR NV N g

66
67
68
69
70

PROGRAM
PAMPODE
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KFIN

OM®OD
VPHOD
ANP

AL AM
FACT
THETK
NPRNY

1MAX
ct
vxl
vyl
Hi

ISCRCE
mnes
MDFND
KSTINY
KFININ}

OMMOD(N)

VPRTDINY

THE TK

NPRNT
M AX

[ARES]
vxign)
vYi(n)
HILT)

s EalalaRaRalala e Ne Ra el el e N a e N e N e N o e N o N ol e N o o N e N e Ve N o Y o N o W e Y a e X a ]

AMBL )

ALAM

FACY

AOOAOOAOOOONA0ONOO0O0EO0

i*g VAR INP
Re4 VAR INP
Re g VAR INP
Re4 VAR  QUT
R&4 ND ouTt
Re 4 ND QuTt
R&4 ND INP
124 ND INP

COMMON STORAGE USED
COMMON TMAXCT o VX T4VY T, HT

Is4 ND INP
R*6 100 INP
R4 100 INP
Re4 100 INP
R4 100 INP

—nm e INPUT§mm

~HE IGHT IN XM OF BURST AAQVE GROUND

=AEIGHT [N KM OF ORSERVER AROVE GROUND

=RYMBER OF GUIDED MODES FOUND

=iNDEX OF FIRST TABULATED POINT (N N~TH MODE

*INDEX OF LAST TABULATEG PCINT IN N-TH “ADE, IN
GEZERAL,y KFIN(N)=KST(N+1}-1,

=ARRAY STORING ANGULAR FREQUENCY ORCINATE (RAC/SEC) OF
POINTS ON DISPERSION CURVES, THE NMCDE MODE 1S STORE
FOR N BETWEEN KST(NMGDE) AND KFIN(NMODE)s INCLUSIVE,

»ARRAY STORING PHASE VELOCITY ORDINATE (KM/SEC) OF
POINTS ON DISPERSION CURVES. THE NMODE MCDE IS STORE
FOR N BETWEEN KST(NMOOE) ANO KFINU{NMODE),

=DIRECTION IN RADIANS TO ORSERVER FRCM SCURCE, RFCKONE
COUNTER CLOCKWISE FROM X AXIS,

sPRINT OPTION INDICATQOR (SEE NAMI IN MAIN PROGRAM},
zNUMBER OF LAYERS OF FINITE THICKNESS.

=SOUND SPEED IN KM/SEC IN 1-TH LAYER

=X COMPONENT OF WIND VELOCITY IN I-TH LAYER (KM/SEC)
=Y COMPONENT OF WIND VELOCITY IN [-TH LAYER {(KM/SEC}
=THICKNESS IN KM OF F~TH LAYER CF FINITE THICKNESS

- = =QUTPUTS =mmm

=AMPL ITUDE FACTOR FOR GUIDED WAVE EXCITED BY POINT
ENERGY SOURCE. UNITS ARE KM®&(-1)}, THE J-TH ELEMENT
CORRESPONDS TO ANGULAR FREQUENCY OMMOD(J] AND PHASE
VELOCITY VPMOD{J). THE AMPLITUDE FACTOR IS APPRNPRIA
TO THE NMOOE~TH MODE 1F J LGE, KST(NMODE} AND J .LE,
KF ININMODEY . THE AMP{J) 1S THE SAFME AS AMPLYD CCMPUT

BY SUBROUTINE NAMPOE.

=h SCALING FACTOR DEPENDEANT CN HEIGHT OF BURST, EQUAL
TO CUBE ROOT OF {PRESSURE AT GROUND)/{PRESSURF AT
BURST HEIGHT) TIMES (SCUND SPEED AT GROUND)/(SOUND
SPEFD AT BURST HEIGHT).

=A GENERAL AMPLITUDE FACTOR DEPENDENT ON BURST MEIGHY
AND OBSERVER HEIGHT, A PRECISE OEFINITION IS GIVEN
IN THE ABSTRACT,

~===PROGRAM FOLLOWS BELOW=~--

SUBROUT INE PAMPOE( ZSCRCE . ZOHS MOFND o KST , KF [Ny (OMMCD, VOMOC ) ANP 3 ALANM,
1 FACT,THETK,NPRRY)

[a Nal

OIMENSION AND COMMON STATENENTS

DIMENSICN CT(100),¥X1{120),VYL(100),H1{1100)
DIMENSION KSTT110)(KFINT101,0MMONI100C) VPMODI1 )00 ,AMP(100C)
COMMON  TMAX,C T VX TaYYTyH)y

MDFND = MDFND
IF (NPRNT L T,0) GO TO 20

-264-

PANP
PAMP
PA%P
PAMP
PAMP
PAMP
PAMP
PANP
PARP
PANP
PAMP
PAMP
PAMP
PAMP
PaANP
PANP
PANP
PAMP
PANP
2AMP
PAMP
PAMP
PANP
PANP
PAMP
PAMP
PAMP
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PAMP
FAMP
PAMP
PAMP
PAMP
PANP
PAMP
PANP
PANP
pANP
PANP
PAMP
PAMP
PAMP
PAMP
PAKP
PANP
PAMP
PAMP
PAMP
PLAMP
PAMP
PAMP
PAM?
PAMP
PAMP
PANP
PARP
PAMP
PAMP
PAMP

71
72
73
14
75
76
7
18
79
80
81
82
83
84
85
86
a7
88
89
99
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

PROGRAM
P AMPOE
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¢ PRI

19

20

NT HEAUING FOR PHI1 AND PHI2 PROFILE NATA TO BE PRINTED BY NAMPDE

WRITE (6¢19)

FORMAT (1H1,41X,26HPHI] AND PHI2 PROFILE DATA ///63HNIAPLIMX = NC.
10F LAYER FCR WHICH ABS{PHIL(TIAPLIMX}} IS A MAXIMUM/63H [AP2MX = NO,
2 NF LAYER FOR WHICH ARS(PHIZ{1AP2MX)) 1S A MAXINYM/G2H RI = PH
ITLOTAPIMX) / ABS(PHI2(TAP2MX)Y /42H R? = PHI241AP2MX) / ABS{PH
&I2(TAP2MX)) /374 R3 = PHI2{1) /7 ABS(PHI2{1AP2MX)) /4OH N2C1
5= NO. OF TIMFS PHIL CHANGES SIGN /40 NZC2 = NCe OF TIMES PHI2 C
SHANGES SIGN}

CONTINUE

C DO LOOP 10 CCMPUTE AMPLJ)

22

23

25
C ENC
C
C CCu

C
C Ccrm

C

NN 25 11=1,MO0FND

IF (NPRNT,LT,D) GO T0 23

WRITE (€,22) 11

FORMAT {YH /77777 1H 4S1XSHMODE 412 77/ 1H TX,SHOMEGA y TXy SHVPHSE
1o6XgOHTAP LYY, 10X ¢ 2HR] 9AX 4 4HNZCL y6 X9 6HIAP2MX ¢ 10X ¢2HR? ¢ 8X,4HNZC2, 10X
21 2HRR /)

JL=KST(I1Y

J2=KFIN(T])

00 25 J=Jl,4?

K= J
QMEGA = CMMOD(K)
VPHSF = VPMOD(K)

CALL NAMPDE{ZSCRCE2ZNBS yUMEGA)VPHSE9THETKy Xy NPRNT)
AMPEK) = X

CONTINYE

OF DL Leee

PUTATICN FF AMRIENT PRESSURES
CALL AMBNT(7SCRCEPSCRCE ISCR)
CALL AMEBNT(798S,P08S,10RS)

PUTATIIN OF SQRY(OENSITY RATIO)
UED = (CLEISCAI/CT(INABS)) * SQRT(PORAS/PSCRCEIN

C CC™PUTATICN OF ALAM AND FACT

C NOTY

31

41

50
51

ALAM=z( 1 E6/PSCRCE)*=(0,332333)*(CI(1V/CILISCR))
E THAT CI{1) IS SOUND SPEED AT THE GROUND

CONST = 4.0/S0RT(2.0%3,14159%)

FACY = CONSTe{CI({1)*UED*(PSCRCE/L1.E6)**(9,3333123))
IF(NPRNT JNEs 1) RETURN

WRITE {(6431) 2ZSCRCE.Z0BS FACTALAM

FORMAT (1M1, 20X, J6HTABULATION OF SCURCE FREE AMPLITUDES,
1 23H FROM SUBRDUTINE PAMPDE //21X, 19HHEIGHT OF RURST 2y
1 F8,3y 3H XM / 21X,y 19HHEIGHT CF CRSERVER=, FB8,3, 3H KM/
1 21Xe 4HFACT, 14X, 1Hz, FA,3, TH KM/SEC/ 21X 4HALAM, 14X, 1HE,
1 F8.3}

DO S50 I1 314MOFND

WRITE (6,413 11

FORMAT( 1H /// 1H 4 SHMODF 4 13/ 1H 4, 20Xy SHOMEGA,

1 15Xy SHVPHSE, 17X, 3IHAMP)

K1=KST (11}

K2=KFIN(IT)

00 50 J=K1,K?

WRITE (6,511 GMMOD(J ) VPMOOLI) 4 AMP ()

FORMATIIH ,4X4F20,5,F20.,5,+20.8)

RETURN

END
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PAMP
PAMP
FAMP
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PAKD
PAMP
PAMP
PAMP
PAMP
PAMP
PAMP
paup
PAMP
PAMP
FAMP
PAMP
PAMP
PAMP
PAMP
PAMP
PAMP
PAMP
PAMP
PANP
PAMP
PAMP
PANP
PAMP
PAMP
PAMP
PAMP
PAMP
PAMP
PaAMP
pAMP
PAMP
PAMP
PAMP
PAMP
paNP
b AMP
paAMP
PAMP
PAMP
oAMP
PAMP
PAMP
panp
pAMP
PAUP
P Aup
PaMp
PAMP

141
1642
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
18C
181
182
183
184
185
186
187
1RR
18¢
190
191
192
lﬁ,ﬁ
164
196
196
197
198

PROGRAM
PAMPDE
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TITL

LANG

AUTH

FORT

MO MO NN AN A0 A AN AN ANANOANANNATOOOAANAS A

(o)

30

PHASE L SURRAUT TNE) 8715768
—<=-ABSTPACT ===
£ - PHASE
COMVERSTON NF A COMPLEX NUMBER FRCP RECTANGULAR FORM 10 POLAR
FORM
GIVEN TWD REAL NUMBERS RP AND RI, A MAGAITUNE R AND AN
ANCLE PHI ARF COMPUTED SUCH THAT
KRR ¢ jeRf = kK s £tXP{ [ePH] )
WHERE 1 = (-11%%0,5 .
UAGL - FORTRAN IV (360, REFERENCE MANUAL C28-£515-4)
0RS - ALCJPIFRCE AND J L PUSEY. MaT.T4y AUGUST,104A
—= =Y AGE - ==

NO SURRQUY INES ARE CALLED
RAN USAGE

CALL PHASE{RR,R1,R,PHI)

INPUTS
RR REAL PARY OF THL COMPLEX NUMIEP AEING CCNVERTEC
pey
R1 IMAGINARY PART UF LNWPLEX NUMBER GEING CONVERTED
Rms,
cuTPUTS
R MAGNITUDE OF THE COMPLEX NUMRER
Reg
TR PHASE OF THE COMPLEX NUMBEP (RADTANS) (=Pl,LT,PHI.LE.P])
Rt

<= -~E XAMPLE §=un-
CALL PHASE(O.J,L.04R¢PHI]}

LRz 1,0 AND  PHL = 1,570796 AKE RETURNED

CALL PHASF(L1,0,~1.04RyPHI)

P oz 1.614216 AN PHI s =C.TBR3I9r> ARE RETURNED

====PRAGRAM FOLLOWS REL OW=~~~

SURPPUT INF PHASEIRR R, RyPH])

Az ARS(RR ) +ABSIRT)
IF{Q=-1.€=25) 1,1,
R24,0

PHI M N

RETULA

AR 2RK /D)

Alzp{/
ATSQHT(ARSFIPA 982}

-266~

PHAS !
PHIS 2
PHAS 3
PHAS &
PHAS 5
PHAS b
PHAS ?
PHAS )
PHAS 9
PHAS 10
PHAS 11
PHAS 12
PHAS 13}
PHAS 14
PHAS 16
PHAS 16
PHAS 17
PHAS 18
PHAS 19
PHAS 20
PHAS 21
PHAS 22
PHAS 23
PHAS 24
PHAS 25
PHAS 26
PHAS 27
PHAS 28
PHAS 29
PHAS 3¢
PHAS 31
PHAS 132
PHAS 33
PHAS 34
PHAS 35
PHAS 16
PHAS 37
PHAS 38
PHAS 39
PHAS 40
PHAS 41
PHAS 42
PHAS 43
PHAS  &&
PHAS 45
PHAS 46
PHAS 47
PHAS 48
PHAS 49
PHAS &0
PHAS 51
PHAS 52
PHAS %3
PHAS 54
PHAS S5
PHAS 56
PHAS 57
PHAS 58
PHAS 59
PHAS 60
PHAS 61
PHAS 67
PHAS 67
PHAS 64
PHAS 65
PHAS &6 PRCARAM
PHAS &7 PUASE
PHAS 68
PIHAS 49 PAGE
pHpES 70 A2



- - RS e R T L

-

%

e

o sy

. R=0eA PHAS T1

PHI=ARSIN(ABSIATI/A) PHAS 72

IF{RRY 57460460 PHAS T3

50 IF(RI1 200+300,20C PHAS T4

60 IF(RI) 40C4400,100 PHAS 75

100 PHI=PHI ) PHAS 76

RETURN PHAS 77

' 200 PH123,1415927=PHI PHAS T8

RE TURN FHAS 79

300 PHI=PHI-3.1415927 PHAS 80

RETURN PHAS 81

40C PHI=-PHI PHAS &2

RETURN PHAS 83

END PHAS 84
1
4

4 .

PRCGRAM
PHASF

PAGE
61
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c-==ABSTRACT-~=-

TITLE ~ PPAMP
PROGRAM TO COMPUTE AND STORE .AMPLITUDE ARRAY AMPLTN AND PRASE
ARRAY PHAS) FOR GUIDED WAVES EXCITED BY A POINT ENERGY SOURCE
WlTH TIME NEPENDENCE CORRESPONDING TQ A NUCLEAR EXPLCSICN CF
ENERGY DENOTEC PY YIELD IN KT, THE VALUES FCLAD ARE TO RF
SUBSEQUENTLY USED 8Y TMPT ACCORCING TQ THE RELATICN

(PRESSURE IN OYNES/CM#$? FOR A GIVEN MNDE)®SQRT{R)

INTEGRAL QOVER OMEGA CF AMPLYN®CNS(ONMEGA*{T-R/VP)I#FHASQ}

THE QUANTITIES AMPLTDO AND PHASQ ARE BOTH DEPENDENT N ANGUL AR
FREQUENCY AND ARE DIFFERENT FOR CIFFERENT MOUES.

PROGRAM NOTES

IN TuE FORMULATION FOR A PCINT ENERGY SOURCE, THE ENERGY
EQUATION IS WRITTEN

DP/OT —(Com2)D(RHDI/OT = &4sPIMo320F (Y)*{DELTA FNCYN )
AN EXPRESSINN FOR F(T) IS

FITY =((L*%2)/CS)*POSS(INTEGRAL OVER X FROM 0 TQO CS*T/L
JF UNIVERSAL FUNCTION FUNIVIX))

WITH L=(ENERGY/PUSI®*=(1/3) AND POS.CS HEPRESENTING PRCSSY
AND SOUND SPEED AT THE SOURCE. IFf FIKT(T) IS THE PRESSUR
AT A DISTANCE OF 1 KM FRUM A 1 KT EXPLOSION AT SEA LEVEL
AND WITH TIME ORIGIN CORRESPONDING TO BLAST WAVE ONSET,
THEN

FUNIV X ={(L1ePOL)am (1) )SFLIKT(L1I®X/C1)
THE FQURIER TRANSFORM OF F({T) 1S ACCORDINGLY FCUND TD RE
GIOMEGA )= {1/(2%PLII®(YRe(2/3) )8 (C1/CS)*{POS/PCLI®*(1/3)
*(L/7{=1*CMEGA) ) *FTMAGINMERAT)#EXP (I #FTPHSE (CMERAT) )
WHERE Y 1§ YIELD IN KTy 1=3SQRT{=1)y AND CMERAT=ALAMs
OMEGAsY**({1/3}, THE FUNCTIONS FTMAG AND FTPHSE ARE AS
COMPUTED BY SUBRCUTINE SOURCE. THE QUANTIYY ALAM 1S
(CL/CSY»{PO1/PCSY=»1/3 AS COMPUTED BY SLAROUTINE
PAMPDE o
A LENGTHY DERIVATION NOT GIVEN HERE INCICATES THAT
AVMPLTO*EXP (~1*PHASQ)

2 «4nSQRTIK)«GIOMEGA ) *(. SAUEN®SQRT {2 DI )*AMP
cCXP(-1%P1/4)

AHERE AMP 1S THE SAME AS THE AMPLTO CIMPUTED BY NAMPDE AN
WHERE UtD [S THE DENSITY FACTOR (CS/COBS)*SQORY(PSCRCE/POR
COCMPYTED [N SURROUT INE PAMPOF, INSERTING G(OMEGA} INTQ
THE ABQOVE, WE [DENTIFY
PHASQ #(3/4)*P] - FTPHSE(NMERAT)
AMPLTOTFACTSAMPO(YRx{2/3}) ) sFTMAGINMERAT) *SQR T{K) /OMEGE

WHERE FACT 15 4/SQRTUZ2APL)IeCI2UED®IPS/PLIse(1/3) AND [§
COMPLITSED BY SUBRNUTINE PAMPDC.

THE QUANTITIES FACT, ALAM, AND AMP ARE N THE INPUT LIST
CF THE SURBRCUTINF, NOTE THAT THFSE ARE YIFLD INDEPENDENT
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PPAM
PPAM
PPAN
PPAM
PPAM
PPAM
PPAM
PPAM
PPAM
PPAM
pPAM
PPAM
PPAM
PPAM
ppAN
PPAM
PPAK
PPAM
PPAM
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PPAM
PPAR
PPAM
PPAM
PPAM
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PPAM
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PPAM
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PPAM
PPAM
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14
i3
P &
3
. ¢ JHE SSCHEME "DF STORAGE FNRAMPLTOLJS ANE PHASQUJD 1SHTHE-  'PRAY 71 T *%
1 C SAMEAS- FOR/UMMODUJS AND VPMOD(J),  SEE “SURROUTINE -ALLMGD- :PPAM T2 } s 3
' € . i . PPAN- T3 : 3
C LANGUAGE  <-FORTRAN. IV (350 ‘REFERENCE WANUAL -C28-6515541: PPAM. T4 - : g
c. o N . ] - - PPAN- T5. ) - LB g
C AUTHORS. - A D.PIERCE AND JoPUSEY, “oloTie JULY, 1668, PPAM  T¢ ] ;»Mf
b . - L ' ’ PRAM- 77 £33
c LHIACALLING. SEQUENCF=oe- PPAR- 78 L%
- PPAM 19 - 53
C SEE THE MA [N, PROGHAM ‘PPAN: ‘AN R
c DTMENSICN. KST(1)9KF INGL)¢DMMOD( LYo VPMOL (1) ANPU 1) PPAM. g1
c ‘DIMENSTCN Awunm.pnnsom PPAN. B2 LN,
C THESE QUANTITIES ST RE DIMENSIONED. “THE PROGRAM-LSES VARTAKLE PPAYM 83 g
€ DIMENSTINING, .EOR ACTUAL DIMENSIONS ASSTCMED, SEE -THE MAIN PRCGRAM,, PPAM B4 % un
c TALL PP AMP UYIELDMDFNDG KSTKF TN, IMNED sV PHCD o AME, AUAN, FACT, PPAM: A5 Con
c 1 AMPLTD, PHASY) PPAM -RA ol
t : . . ) PPAM 87 ¥
C e~ EXTERNAL SUBRNUTINES IREQUIRED= -2~ PPAM 8&1‘
iC R i i . R PPAM* 80 g
: c SNURCE 5 'PHASE {PHASE 'IS CALLED BY 'SFURCE) PPAN: aC P
g C ' . PPAM' -91. 5 .,f‘
C «e=ARGUMENT [{§Ta==s PPAM 92 Sk
c . fPAM <91, .
. c "VIELD Re4  ND  CINP PPAM -94: o
; ¢ ADF N0 I*6 ND INP PPAN 9% '
Cd c kST At VAR (NP PPAM 96 Pl
L. - KFIN 196 VAR NP PRAM: 97 o 3
L -C L] ‘R*4 VAR INP. FPAM a8 E
. 5 c vesnp R#4  WAR INP PPAM™ 99, ¥
Lo ¢ AMP Res VAR INP PPAMC) CO oLk
S c AL A R*6  ND  INP PPAN 101 N
N ¢ FACT %*4 - .ND  INP PPAM-1 02 :
r ] £ AMPLI'D, Reg VAR out PPAN 103 o
5 c PHASC Rvy VAR QUT PPAM ‘104 P
PR c . . . PPAM 106 3
A T C-ND CCMUCN STORAGE' IS USED- PPAM 106 &
SO, c ) ’ - “PPAM:10T H
1 N =e== INPYTS=m-= PPAM-108
S C. L o ) . . PPAM 109 <
S c YIELD *ENERGY” RELEASE "DF EXPLCSIGN " IN"EQU IVALENT- KILOVONS .OF -PPAM-110- 4
: ¢ THT, 1.KT = 4,2E19 ERGS, PPANTL] -
S . . ) . ) PPAN 112 .
: c MDEND =NUMBER OF MOODES.FOUND.-IN PREVIOUS TABULATION OF PPAM 113
i c DISPERSION CURVES, PPAM 114 P
=, c KSTIN)- ‘= [YOEX: OF-FIRST-:TABULATED~POINT- IN-N=THMODE, -PPAM 115, :
o -C. KFIN{N)- =INDEX OF LAST TABULATRD POINT [N N-TH MODE. IN PRAM 116 H
S G GENERAL, KFIN(N)ZKST(N+1)-1, PPAM 117 .
: c 0400 (v} =ARRAY STORING ANGULAR FREQUENCY ORCINATE CF POINTS PPAM 118 s
c ON-DISPERSIUN CURVES, THE NMODE MCDE 1S STCRED FOR vEAR 119 .
. c N BETWEEN KST (NMDDE)- AND-KF IN(NMIDE ), PPAM 120 A
; C YPMO{N) =ARRAY STORING ‘PHASE VELOCITY GCROINATE OF PCINIS CN PRAN 121 :
c . DISPERSION CURVES. THE NMCOE MODF (S STORED FOF PPAM 122 3
] C ’ N-BETHEFN KST(NMODE) ‘AND KFIN(NNODE), PPAM 1713 .
: C AP N} =AMPLITUDE FACTOR INRECENDENT CF YIELD COMPUTED RY PPAM 124 .
C SUBRNUT INC PAMPLF CORRESPONNING TO ANGULAR FREOUENCY  PRAY 126 ¢
! c IMMODIN] AND PMASE VELGCITY VPMOD(N), PRAR 126
S ¢ AL AM: 2A SCALING FACTOR DEPENDFNT ON HEIGHT NF BURST, LQUAL  PPAM 127
: C TO CUBE RNOY OF (PRESSURE AT GROUNDI/{PRESSURE AT PPAM 128
c BURST HEIGHT) TIMFS (SCUND SPEED AT- GROUNG)/SOUND PPAM 179 .
¢ SPEEN AT BURST HWFIGHT), . PPAM °1 30 )
C FACT tA GENERAL AMPLITUDE FACTGR OEPENDENT NN RURST HEIGHT  wpaM 131 B
c AND NBSERVER HEIGHT, A PRCGISE DLFINITION 1S GIVEN PPAM 132 :
G IN THE LISTING “¢ SUBRQUTINE PAMPDE, PPAM 133 v
. c PPAM 134 )
: o === OUTPYT == - PPAM 135 ;
. ¢ PPAM 136 PRIGRAM
¢ AMPLTE(N)  =AMPLITUDE FAGTYiC REPRESENTING TOTAL MAGNITUDE OF PPAM 137 PPAMD :
: C FOURIFR TRANSENRM OF THF CONTRIGUTION 19 THL WAVEFOKM  PPAM 1R
- ¢ IF A SINGUE SULDED MUDE AT EREQUENCY OMMIDIN), 1T PPAM 139 PAGE .
" C REFRESENTS TAE AMPLITUDE OF THE NMPDE-TH MODE IF N |S§ PPAM 140 635 :
(e 4
: t
Do g
"269" M
g 5




M e T L e e A S Al TR T e e S T e e P S NS oDt gt

R T T N

O s LS

L -
‘i .
3 -G DETWEEY <STUNYGRE), AND KEIRINYCDE), INCLUSIVE. ‘THL  PRAM 141 &
i - . PRECISE BEFINITMN 1S GIVEN ‘IN JTHF -ABSTRACT, FPAR 147 S
3] t PHATQ (N PHASE LAG.AT FREQUENCY P#NENIND. EOR NA4ODE-TH:MUDL WHE PPAM 143 g
3 4 (4 RIS “E!nFEN«KSTINMODF) AND xFl\(‘lHLD[). mcwsxvﬁ,. PPAY 14%; .
A € THE JINTEGRANY: 15 UNDERSTOOR ‘T8 HAVE THE F(RW. PPAN 145,
- % .C -AWPLYDIC(IS (AN D (RIME<D [STANCE/VINID ) +PHASO) ¢ PPAY V46 ;
L e £25=PROGRAM FOLLOWS BELQW-2-- :
e -C -BPAN" 140 H
£ SUBRIIUT INE PP AMP (Y IELD MOERD W KS T, K7 [N, CMUNG  YPCD AMP o8 LAWGFALT PPAY 160 :
s P IAMPLT 1y PHASH] PPAM 151 -
- § A PPAM 152 ,
g < ! G DINENSTCN STATEMPNTS USING VAR [ABIE DIMENSICNING PPAM “1S3 i
; OTMENSTIN KST(1) JKF 1901 oGP (1) VPUGDIL) o AMPLLY -PPAM 154 §
DIMENSTON AMPLTDI1),PHASO(L)- PPAM-155 P
¢ . . PPAM 156 LE
Qe {V.JELD) # 7l Co333333Y DpAM 18T S
. -ALAMP= C* AL AM PPAM 15H i M
d PPAN 1593 .
. C'START ©F D3-LO7TP, -Fl ‘IS MOOr NU4BER' PPAMT160 v
g 020 xx:rf DENY. PPAM ‘161 .
K1=KSTEIEY PPAP 162 Lo
K2=KFINLITY PPAM 163 P
. [ PRAY 164 4
o0 2% JEK1eK2 PPAYU 165, P
€ -CSMPUTATIZN: CF -SCAUED FREQUENCY UMERAT: PPAM 166 ,
. CUERAT 5(vMNDL) N EALAMP PPAM 1AT Lo
; “¢ CLMPOTATIIN R wu(x) PPAM 168 .
' AKAI:'.QET(IN“‘FHJl/VP'ﬂl)(J)) PPAM 169 L
; I PPAM 179 -
' CALL SOUPCE(MERA T,FTMAG F TPHSE JDKAG, EFHSED -PPANV 171 o
. AMPLTC ()= (372 ) FACTAETMAGRAMP () MAK £Y /DU ) PPAM 172 .
20 PHASOEU)=. 7573, 14159-F TPHSE pPAM 172 b
: :r XD -OF 03 L09P PPAM 174 .
: . opaAM 176 - B
4 RETURN PPAM 176 ’
i N PpAM 177
i El
v { 3
3 !
S ;
3 Y H x
i ,
™ £}
4 Y
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3
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- € PRATHD (SUARMTINE) A71763 PRIV 1 . 8t
c o PRIM. L2 s
¢ —2ecANSTRAG T35 PRI 3. P
€ PR;TH' & . :‘,"g
¢ JITLE --PRATMY- pRHTM 8§ e
[ PEOCRAM: T8 [N] (UT 'PARAMETERS DEF INING THE MODEL MOLIILAYLP  fPPTR: .6 20
4 ATHOSPHERF,, A -LISTING 1S ‘PRINTED OF LAVER-NUMRIR, -HETGHT, 01F PRIM- 7 AN
£ LAYER BOTTOM, HEIGHT- OF LAYER TOP, LAYER THICKAESS, SCUND SPEED: .0RTM- A %3
-C ANDIOF X AN Y “UDRONENTS OF WIND VELACITY, PRTM Q. 3 g
: ¢ . PRTM. 1P U
} -G LANGUAGF - 'FHIRTRAN IV {340, REFERENCE MANUAL C28-€515-4) PRTM 11 B
i ¢ e e o PRTM 12 M
i 'C AUTHARS '~ A, NP IERCE :AND- JSPOSEY) M.14T., AUGUST1943 PPTH 13 L3
, K ) . ’ PRI, 14, {
: d =~==CALLING" SEQUENCE-=~-- PETM- 115
H ¢ ‘ PATE 16 -
i € SEE .THL MATN PRECGRAM PRTM 1T o
i € DIMENS 107 cuu*m.vxu100).vvulﬂm.uul MC) geTH- 18 w0t
: [4 -COMMAN '[MAX L1, WX T, VYT HI® (THESC MUST: BE - [N COMMON). PRTM 19 "y
[ CALL PRATMI). PRTM 200 2
4 ¢ L . , PHTH. .21 i
) t se==EXTERNAL: ‘SUHRCUT INES RLUUIRED--=2 PRIM 22 w2
® c . ' BPTY 23 A
: € KN FXTERNAL. SUSRIUTINES ARE KEQUIREN, PRV 24
’ ¢ - . PRTM 25 -
o G == -=ARGUMENT. L IST=="w pPTM 24 -
S c PRIM 27 T
P C CCYMON STNRAGE USED PETN 28 L4
Do 24 CAMMIN IMAXSE LGV ToVY IgHT: PRI 20 .
5 C PETH 39 :
S C 14AX g3 N N PRTM 3L,
P [ ct R16. 100 INP PRTM. 37
A c xr R4 109 ‘NP . PRIM- 33 *
: € vyt ‘Rre 100 NP PRTM 34 -
l ! ¢ HI- Red 100 INP PRTHM 3% ‘
LT - ¢ . PEIM 36, <
A d “e=sINPYTS-ree PRTM AT L
f. PRTM 18 o
< - € 1WAX NMBER DF LAYERSIOE FINITE THICKNESS PRTM 139
(4 cun =SNUND SPEFD 'IN KUZSEC 1% I~THLAY®R PRIM- 6o L
- £ NXT(D) =X"CAMBENENT NF WINU VELAGCITY IN [-TH LAYEK {XM/SLC) PRYM &) :
: L iy =¥ CYMPUNENT OF WIND VFLOGCITY  IN [-TH LAVER (KM/SEC)  -PRTM 42
A £ KIt1) sTHICKNESS IN &M DF 1=-TA*LAYER OF FINITE THICKAESS. FRTY 43 :
*; " C PRIM &4 .
- (" =3229UTpyrS=sEs PRIM- 45, . L
- c PRTM 46
C 'THE CNLY OUYPUT 1S A PRINTOUT, PRIM &7 3
N ¢ . PRTM 45
s L weeol X AMPL [~=n= PPTM  4Q
. c ] . PFTM 50 '
. c MOJEL ATMOSPHERE (1F 10 LAYERS (Y0P DF NEW PAGF) PRTM &1
5 c ; {IMAX = 9) PRIV S2
. C PRTM. &3
¥ € LAYER I I3 H In VX PKTM 84
; c 10 22459 INb ] TE THFINTTE 042572 0,0082 PRTU &5
X c 9 20,00 22.5) 2450 94265R Cec001 PRTY 56
1 ¢ A 17.59 20,90 2450 002938 CeGlLR PRTIM ST
2 ¢ 7 1509 17,50 2,50 02631 C. 0144 PFTM SR N
2 c 6 12450 15420 2450 n,29%1 0,9165 PRTM S0
: c 5 10,00 12,50 245¢C 0,265} C.0160 PFTM 60
c 4 7.50 1050 2450 £.3012 0.0144 PPIM 61
- € 3 540) 1459 2450 a.3117 0011 F PRTM 62
H v ? 2459 5,90 2450 03208 2 dORE PRTM &3
: ¢ 1 2, 2eh0 245¢C o 3104 0, NG57 PRYM A4
: " . PRI™ 65
g ¢ LOTHEIGUT GF LAYER BATYOY [N Kv PRIM &6 DRNGPAM
: ¢ LT=UEIGHT Ok LAYFR TP [N KM (THE VY COLUMN [§  PRIM &7  PRATMO
) ¢ H ~MIDTH OF LAYEK IN K™ NCT SHEWN RLCAUSE PFTM  &H
: ¢ £ 3SOUNG SPEED IN .KM/SFC £f LACK CF SPACE, PPTM &9 PAGE
A ) c VXeX COMP, I WIND VEL. IN K¥/SFC IT DOES APPEAK ON  PPT™ 70 67 -
:
: » L
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K SR o 0 el R it e ¢ et et BN A ot 1 e g PN G PSSty i, * A N A T R o ] B
RN . - - PP
e ) :i? 3
3 S
s ES
- LY ‘-,
$ .
! : ‘ oy
, . . e o g
iC VYzY COMP, OF WIND.-VEL. ‘IN-KM/SEC -PRINTAYT o) PRIM. 71 ¢ ﬂ
i i - ’ “PETH: 12 5
; Cie . <5==PROGRAM FOLLOWS -RELDW===< PRIN 73 g -
- c . NN - PRTM: T4 1
: - "SUBKNUTINE PRATHY. PRIM. 75 ¢
£ ) PRTW 76,
C :DIVENSTON -ANC .COMMON-STATEMENTS' LOCAT!NG%INPUL PRTM .77 3
) IMFNS 1ON” Cl!lOO).VXlllooiyvvl(lOO)oHIQIOO)oLI(QOO) PRTY 78 {
COMMON™ TMAX'5C 1 4 VX 15VY Ty HE- PRTM 79 5
} c “BRYM 3¢ 3
* € LET JET DENOTF THE' INDEX OF THE UPPER.HALFSPACF PRIM 81 3
: . JET.2]MAX+] PRTM: 82 oo
¢ o PRIM 82 L,
. C PRINLING. NF HEADING, PRTM B4 )
WRITE (6,110 YET: PRTM '35, T
¢ 11 FORMAT {-1H13 14X, 1OHMODEL ATMOSPHERE -GF o149 TH LAYERS//) : ‘PRTM :86: Ck
o WRITE (6020) PRTH 87 t
‘ 21 EORMAT(1H: 12K ¢ SHLAYER o TXy 2HZB 10X 2 H2 T 11X 4 1HHS 11X THE 4 11Xy 2HVX, PRYM AR ¢
) 110X 2HYY )¢ ‘FRTM 89
€ PRTH. 280 .
lF(I%AX<.EQ. 1 60 TN 3% ) PRTM 0] Lo
. PRYY 92 -
g 2141) DENDTES ‘THE HEIGHT OF TOP OF .I=TH LAYER OF FINITE THICKNESS PRYM 93
1) =414} PRTM 94 :
: IFLIPAX LEN.. 1). 6D Tn 31 PRTM 95 S
’ DO A0 122, 148X PRTM 9% . Ll
3C D =21 enI D ’ PRTIM" 97 ’ ‘%
31 -CONTINUE PRTM 98 :
c. .. p L PRTM 99 . ooz
C PRINTFOT Frie URRELR -HALFSPACE PRTM 100 ;o
KUV =Z 1L INAKY, PRTH 1C1 M
I3IF(IMAX.EQe D) XUV=D.D PRTM 102 7o
C=CILJET) PRTM 103 '
VXEVXE{JETY JPRTM 104 . 7
VY VYT JET) PRTM 105 :
: WRITE {He41): JETo XUV Cy VX2 VY. PRIM 106 :
3 41 FORMATULR 41736125204 X  BHINFINTTE 14X oBRINFINITE ¢ 3F1204) o 'PRTM 107 :
: c PRTM 108- 3
4 LFUINAX LEQ. 0) GG TR -60 PRTM 100 ,
- IF{IMAX JEQ, 1)- G0 TO 52 PRTM 116
" C . PRTH 111
- "C TABUUCATICN FOR tavens« 2 THROUGHI%AX PRIM112" :
1 ) 00 50% Jz2,IMAX PRTH 113 )
. 1= 1MAX# 2~y PRTM 114
B ILsl-1 ) PRTM 115
3 SO WRITE (69501 ToZICIL) o230 HECT) 4CTUT VXTI (1) o VYILT) PRTM 116
’ 53 FORMAT (LN 417,3F1242,3F12,4) PRTM 117
i -C . . ' . PRTM 118
3 ‘C TARULATION FOR LAYER 1 PRT¥ 119
7 52 1=} . PRTM 120
USTED=0.9 PRTM 121 <
3 WRITE (6¢51) 1oUSTEDoZULT)oHICT)oCLET ) oVRICT) 4 VYT(T) . PRTM 122
i ¢ ) PRTIN- 123
] C PRINTOUT. OF EXPLANATIONS PRTM 124
: 6N -WRITE {6461) PRTM 125 :
H 61 TORMAT{IH0 315X+ 3 IHZR=HE IGHT (JF LAYER HOTTCM IN KM/ LH 415Xs2RHITxH PRTM 126
g LEIGHT OF LAYER TOP IN ¥M/1H 415X, 23HH sWIDTH OF LAYER IN KF/IH , PRTM 127 !
! 215X 424HC =SCUND SPEED IN KM/SEC/LH o15%,33HVXsX COMP, OF WIND VEL, PRTM 128 3
: 3 IN KM/SEC/ZIH o153%,32HVY=Y CNOMP, OF WIND VEL. IA KM/SEC) PPINM 129
; t PRTM 120
o RETURN PRTM 13}
3 END PRIM 132 .
r
% ¥
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RRRE (SUBROUTINE} 8/71/68 RRRR
RRAR

eeneARSTRACT ~om- RRRAR

RRAR

TITLF - RKRR RRRR
THIS SUBROUTINE COMPUTES A 2-BY-2 TRANSFER MATRIX WHICH CONNECTY KRRR
SOLUTIONS DF THE RESIDUAL EQUATIONS AT THE ROTYOM OF THE UPPER RRAR
HALFSOACE TO SOLUTIONS AT THE GROUNO BY THE RELATIONS ::::
PHI L{GROUND) = RPP(I.I)‘?HI!(Z?{?RAK))'RP?(I.Z)‘?thtlfﬁlHA RRRR

RRRR

PHI2{GROUND)= IPP(Z.I)‘PH!!(IY!lNAX))ORPPt2:2)‘PN12(21(1HA RRRR

RRRR

WHERE 2ZT1IMAX} 1S THE HEIGHT OF THE TOP OF THE IMAX LAYER AND RRRR
CONSEQUENTLY THE HEIGHY OF THE BOTTOM OF THE UPPER HALFSPACE, RRRR
THE FUNTIONS PHIL(Z) AND PHI2{L) SATISFY THE RESIDUAL EQUATIONS RRRR
RRRR

O(PHITI/ZOL = All,13=PHILI2) ¢ AlL1,20%PHTI2(TY RRARR

RRRR

D(PHEI2)I/DZ = A(2,1)APHIL(L) ¢+ A2, 2)%PHTI2(2) RRRR

RRAR

WHERE THE AlT14J% ARE FUNCTIONS OF ALTITUDE SUT CONSYANT 1IN E&CH RRRR
LAYER, RRAR
RRRR

1F ME LET EM(T) BE THE EM MATRIX (CONPUTED SY SUBROUTINE MMMM ) RRR®
FOR THE 1-TH LAYER, THEN (TN MATRIX NOTATION] :RRR
RRR

PP = E*(x)sentz)t.....ten(lnAx-lttencanxt RRRR

RORR

THE AROVE FORMULA IS USEN TO COMPUTE THE RPP(1,J), RRRR
RRRR

THE PARAMETERS DEFINING THE MULTTLAYER ATMOSPHERE ARE PRESUNED RARR

T 8E STORED IN COMMON. RARR
RRRR

LANGUAGE - FORTRAN 1V {360, REFERENCE MANUAL C28-6315-&1 RRRR
KRRRR

AUTHOR = AJD.PIERCEs MoloaToo AUGUST 1968 RRRR
RRRR

wneaCALLING SEQUENCE-~-- RRAR

RRRR

SEE SURRDUTINE NNOFN RERR
DIMENSTON cx(100).vxl(190t.vv1«1001.ﬂltloo! RRRR
CONMON THMAXeCToVXTaVYToHE {THESE NUST BE STORED IN CONMON RRRR
NIMENSION RPP(2,2) RRRR
CALL RRRR(TMEGA s AKX ¢ AKY 4RPP oK) RRRR
RRRR

eeeeEXTERNAL SUZROUTINES REQUIRED~--- RRRR

RRRR

MMMM, AAAACCAToSAT RRRR
RRRR

peoe=ARGUMENT L IST~oe- RRRR

RRRR

OMEGA R*é ND INP RRRR
AKY Reb ND iNe RRRR
AKY (11 ND NP RRRP
(11 Re4  2~AYV-2 OUTY RRRR
X 1e4 ND QUT  (ALWAYS OUTPUT AS K=0) RRRR
RRRR

COMMON STORAGE USED RRRR
COMNON THAXGCT VXTI VYIoHT RRRR
RRRR

IMAX 1L ND INP RRER
c! LT 160  INP RRAR
vx! e 100 INP RRRR
vY?! (38 100  INP RRRR
H1 R%4 100 NP RRRAR
RRRR

wan=]NPUT§=m== RRAR

RARR

QMEGA =ANGULAR FREQUENCY IN RAD/SEC RRER
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< X aX COMPOMENT OF HORIZONTAL WAVE NUHBER VECTOR IN 1/KkM  RRRR 71
c ARY Y COMPOAENT OF HORIZONTAL WAVE NUMBER YECTOR IN 1/KM RRRR 72
€ max sNUMBER OF LAYERS OF FINITE THICKNESS RRRR 72
(4 c1n sSOUND STEED IN KM/SEC IN 1-TH LAYER REKRR T4
4 e oX COMPONENY OF WIND VELOCITY IN I-TH LAYER (XM/SEC) RRRR 7S
¢ vyit =Y COMFONENT OF WIND VELOCITY IN I-TH LAYER (KN/SECH RRRR 76
(4 LIEER) sTHICKNCSS IN XM OF T=TH LAYER OF FINZTE THICKXNESS RRRR 77
[4 RRRR 78
[ 4 cnnaOUTPUTSeewa RRER 79
[4 RRR® 80
[4 RPP #7=8Y~2 TRANSFER MATRIX WHICH CONNECTS SCLUTIONS OF RRRR 8}
[ THE RESTIDUAL EQUATIONS AT THE 2OTTOM OF THE UPPER RRRR 82
c HALFSPACE YO SOLUTIONS AT TRE GROUND, RRRR 83
4 X aDUIMNY PARAMETER ALWAYS RETURNED AS 0. RRRR 84
[ RARR &3
4 eeesPROGRAN FOLLOWS BELOW=w=- RRRR 86
[4 fRRR 87
SUBROUTINF RRRR(OMEGA ¢ AKX AKY o RPPoK ) RRRR 88

¢ RRRR 89
C DIMENSION AND CNMMON STATEMENTS LOCATING PARAMETERS DEFINING THE MODEL RRRR 90
€ MULTILAYER ATMOSPHERE RARR 91
DIMENSION CE(1003,¥XT(1000,VYI{100}),H2(100) RRRR 92
COMMON TMAR,CY VXTI VYT, H3 RRRR 93

c RRRR 94
DIMENSION EM(2,2)0AINT(2,2),RPP( 2,27 RRRR 95

K=0 RRRR 9%

c RRRR 97
C RPP AT TOP OF IMAX LAYER IS THE IDENTITY MATRIX RRRR 98
RPPLiL,10s1,0 RRRR 99
RPP{1,2120.0 RRAR 100
RPPLZoL1SC. O, RRARR 101
RPP(2,2121,0 RRRR 102

c RRRR 103
C START OF DO LOOP RUNNING THROUGH TMAX LAYERS IN DESCENOING OROER RRRR 104
00 100 JASA=], IMAX RRRR 103
TASARIMAX+1-JASA RRRR 506

C IASA IS THE INOEX OF THE LAYER CURRENTLY UNDER CONSIDERATION RRRR 107
4 RRRR 108
C COMPUTATION OF EM MATRIX FOR TASA LAYER RRRR 109
C=Cl(IASA) RRAR 110
VXaVXT{TASA) RRRE 11)
VYayYi(IASA) RRRR 112
HeHI(TASA) RRRR 113

CALL MMMM{OMEGA ¢ AKXoAKY oC o VX o VY oM EM) RRRR 114

[ RRRR 115
C MULTIPLICATION OF RPP AT TGP OF [ASA LAYER PY EM FOR ASA LAVER RRRR 116
00 80 1=1,2 RRARR 117

00 A0 J=il,2 RRRR 118

RO AINTITeJIZ2EMIT o1 )ERPP UL JIGEMIT2)%RPP (2,4} RRRR 119

(4 RRRR 120
€ CURRENY AINT IS RPP AT B80TTYOM OF TASA LAYER RRRR 121
t 00 85 =142 RRRR 122
} DO 8% Jel.2 ARRR 123
i 85 RPPLI,J)=AINT(T S} RRARR 124
c RRRR 125
100 CONTINUE RRRR 126

g C FHD OF OUTER DN LOOP RRRR 327
§ [4 RRRR 128
C CURRENT RPP 1S THAT AT BOTTOM OF FIRST LAYER RRRR 129
RETURN RRRR 130

END RRRR 13}

PROGR AN
RRQR

PAGE
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SAT (FUNCTION) 1125768
«eueABSTRACY~ase
TITLE - SAL
PROGRAM YO EVALUATE FUNCTION SAT(X) FOR GIVEN VARTABLE X, ~
IF X 1S NEGATIVE, SAI(X)eSINC(Y)/v WITH Y=SORT(-X}, IF & IS
POSITIVE, SAT{X)=SINHCY¥I/Y WITH ¥=SORY(X)., THE FUNCTION IS
ALSO REPRESENTABLE BY TYHE POWER SERIES
SAL(X)® 1 & X/U3FACT) ¢ Xe#2/(SFACT) & XS83/(TFACY) ¢ .o
LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4)
AUTHOR = AsDPIERCE, MoleToy JULY,1968
«===CALLING SEQUENCE~=---
SATUANY R4 ARGUMENT) MAY RE USED IN ARITHMETIC EXPRESSIONS
e===EXTERNAL SUBROUTINES REQUIRED-=~-
NO EXTERNAL SUBROUTINES ARE REQUIRED
~e==ARGUMENT LiSY<ee-

X R4 ND NP
SAt Re4 NO ot

NC COMMON STORAGE 1S USED
«ec=PROGRAN FOLLOWS BELOWw=~~
FUNCTION SATIX)
1 1F( ABSIX) +GTe 1.,E~13 ) GO TO @

O OO N D

C

C ABSIX) IS SO SHMALL THAT SAT IS VIRTUALLY 1,0
SAlsl.0
RETURN

C
C CONTINUING ®ROM 1
9 YsSORT{ABS(X})
IE(X) 1061011

c
C X 1S LESS THAN O,
10 SAlsSIN(Yi/Y
REVURN

c
€ X 1S POSITIVE, SAIs SINHIYI/Y,
11 E=EXPLY) .
SAt=0,58{E~1,/E) /Y
RETURN
€no

=275«

SAL
SAL
SAt
SAl
SAT
SaAl
SAtl
Sat
SAt
SAl
SAlL
SAT
SAL
SAl
SAl
SAl
SAt
SAL
SAt
SAY
SAl
Sal
SAl

SAL”

SAt

SAl
SAT
SAL
SAt
SAL
SAt
SAL
SAY
SAl
SAt
SAl
SAY
SAL
SAt
SAL
SAl
SAl
SAt
SAL
SAt
SAl
SAL
SAL
SAt
SAL
SAl
SAL
SAl

OB AP RE WM e

PROGRAM
SAL
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FTHAG MAGNITUDE OF FT{OMEGA) DEFINED ABOVE IN SUBRDUTINE ABSTRA
Re4 ( (DYNES/CMe®2) / (RAD/SEC) )

FTPHSE ~ PHASE OF FT(OMEGA) OEFINED ABOVE N SUSROUTINE ABSTRACT
R4 {RADIANS?

OMAG DERIVATIVE OF FTMAG WITH RESPECT TO OMEGA { (DYNES/CM®#2)
R*4 /7 (RAD/SEC)s%2 )

DPHSE OERIVATIVE OF FYPHSE WITH RESUECT YO OMEGA (RAD / (RAD/
R&4 SEC) )

=eeePROGRAM FOLLOWS GELOW-vew

SUBROUTINE SOURCE(OMEGA ¢ FTMAG, FTPHS € ONAG, DPHSE)
HE ASSUME INYERSE R DEPENDENCE
PASH (34, 45E23/14019{1,61)
PAS IS IN GYNES/CMes2
THES TS THE PEAK CVERPRESSURE AT 1 KM

TAS=0,48

g SOURCE (SUBROUTINE) 8/715/48
c
c ~een ARSTRACY *=nm
c
C TINE ~ SOURCE
c EVALUATION OF FOURIER TRANSFORM OF NEAR FIELD ACOUSTIC RESPONSE
c TO EXPLOSIVE SOURCE
[ .
c SOURCE COMPUTES THE FOURTEK TRANSFORM OF THE NEAR FIELD
c PRESSURE AT 1 XM FROM A 1 KT EXPLOSION AT SEA LEVEL, THE
c AMBIENT PRESSURE IS ASSUMED TO BE 1,E6 NYNES/CHI%EZ AND
c THE TIME LAPSE FROM TIME ZERC I3 NEGLECTED, AN EMPIRICAL
g FORMULA FOR THIS PRESSURE S
c FIT) = PAS & (§ - (T/TASY) & EXP{ ~T/TAS | , T .6Te O
[+
[4 =0 2 T oV 0

C

c WITH BAS = {34,45E433 & (1,61) OYNES/CMes2

c AND TAS = 0,48 SEC

<

[+ THEREFORE, TS FOURIER TRANSEORM 1S

c

c FYUOMEGA)= =1 = OMEGA *® PAS / (1/TAS ~ [ & OMEGA)®»2
(A

c WHERE | = (=11830,5 o

c

C LANGUAGE ~ FORTRAN IV (360, REFERENCE MANUAL C28-6515-4}

c

C AUTHORS = AuDJPIERCE AND JoPOSEY, MoloToe AUGUST, 1968

4

c

[ 4 wcocs|JSAGEr=w=

c

c SUBROUT INE PHASE IS CALLED

c

€ FNRTRAN ISAGE

c

C CALY SQURCE(OMEGAFTMAG,FYPHSE ,DMAG,DPHS E)

C

C INPUTS

[

[ OMEGA ANGUL AR FREQUENCT (RADIANS/SEC)

c L)

[

C MTPUTS

c

[

c

c

c

c

c

A

c

(4

4

c

c

c

c

c

<

[

c

c
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SRCE
SRCE
SRCE
SRCE
SRECE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SKCe
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE

SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE

COD N RS WN e

o

PROGRAN
SAURCE
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) € TAS 1S THE LENGTH OF THE POSITIVE PHASE SRCE 71

g . 0MOs1,0/7AS SRCE 72
. NENON=(INEGASS2 s HNS62 SRCE 73
FTMAGuPASOONEGA /DENNN SRCE 74

; OMAGSPAS/DENON=2 ,09P ASEOMECASS2/DENOH®*2 SRCE 75

5 CALL PHASE{OMO,OMEGA,XePNHI) SRCE 76
. 4 PRI §S THE ARCTAN OF ONMEGA/OMD SRCE 77

1 FTPHSFe=3,1415927/2,0¢2,09PHI SRCE T8
OPHSE=2,000#0/DENON SRCE T3

¢ THE DERIVATSVE OF THE ARCTAN IS L./(1,¢Y882) SKCE 80

RETURN SRCE 81

END SRCE 82

sy

- A e Y WP S

Fo At
[P

AV e i g

2 W

PROGRAM
SOURCE

PAGE
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T T

SUSPHLT (SUSRNUTINEY 7719/68

wrenARSTRACT o~=v

TINLF - Sysect
EVALUATION OF SUSPICION INDEX OF ELEMENT (N,M) OF MATRIX INMODE

LANGUAGE
AUTHNRS

SUSPCT EVALUATES THE SUSPICION INDEX, 1SUS, OF THE ELEMEN
IN ROW Ny COLUMN M OF THE MATRIX INMODE ( (N,M) MUST BE
AN INTERIOR ELEMENTI. THE NEIGHBORS OF (N.M) ARE DEFINED
TO AE THE ETGHT ELEMENTS WHICH FORM THE THREE BY THREE
ELEMENT SQUARE WHICH MAS (NoM) AT ITS CENTER, THEY ARE
NUMBERED FROM ONE YO MINE BEGINKING IN THE UPPER LEFT AND
PROCEEDING CLOCKMISE (NOs 1 AND NO. 9 ARE SAME ELEMENT).
EACH ELEMENT OF MATRIX INMODE MUST HAVE CNE OF THREE
VALUFSe ~1¢ 1o OR 5« (N,M) IS NOT SUSPICTIOUS AND TSUS =
0 IF ANY ONE CF THE FOLLOWING CONDITIONS HOLDS.

Yo ELEMENT (NeM) = S

2¢ ANY OF 17S NEIGHRORS = 5

T, NOWHERE IN THE 3X3 ARRAY OF (NeK) AND LTS NEIGH~
BORS DOES THERE APPEAR TO BE A DISPERSION CURVE
WITH POSITIVE SLOPE

OTHERWISE ISUS 1S SET EQUAL TO THE NUMBER OF THE QUADRANT
IN WHICH THE POSITIVE SLOPE APPEARS., THE QUADRANTS ARE
NUMBERED BEGINNING §N THE UPPER LEFT AND PROCEDING CLOCK-
Wi SE,

~ FORTRAN IV (360, REFERENCE MANUAL C2B-6515-4)
= AeCePLERCE AND JoPOSEY, Ms1.T,¢ JUNE,1968

—emeliy AGE===-

Nf. FARTRAN SUBROUTINES ARE CALLED

FORYRAN USAGE

CALL SUSPCTUNy My NROW, INMONE, ISUS)

INPUTS

N
144

M
Tes

NROW
14

INMODE
15440)

ouUTPUTS

1sus
1%

ROM NUMBER OF ELEMENT UNDER CONSTDERAYION (MAY NOT BE
FIRST OR LAST R0W)

COLUMN NUMBER OF ELEMENT UNDER CONSIDERAION (MAY NOT BE
FIRST OR LASY COLUMNY

TATAL NUMBER OF ROWS IN INMODE

MATRIX UNDER CONSIDERATION SYORED IN VECTOR FMRM, COLUMN
AFTER COLUMN, EACH ELEMENT MUST AE -1, 1, OR S,

SUSPICION INDEX OF ELEMENT (N,Mie SEE ABSTRACT ABOVE FOR
DEFINITION,

~oes EXAMPLESwmmm

CALL ING PROGRAM

DIMENSION INMODE(9)
INMNDE = =1y =1y 1y 1¢ =Lls to 1y 1o =1
CALL SUSPCTi242,3, INMODE, ISUS)
WRITE {3,200) ISUS
200 FORMAT (10H EXAMPLE 1,6X, 6HISUS =,12)

=278~

$oCY
SeCY
sPeY
SeCY
seCY
SPCY
sPCY
SPCT
SPCY
SeCY
SPCY
secY
$PCT
SPCY
SeCT
SPCY
SpCY
SPCY
SpcT
spCY
secY
spCY
SPCTY
spCY
Secy
SPLY
SPCY
seCT
secY
SPCTY
secT
sPCTY
seCY
sSPCY
SPCT
seCY
sSPCY
SPCTY
SPCT
SpcT
sPCY
SPCY
sect
SPCY
SPCY
SPCY
SPCT
SPCT
SOCY
spCY
SPCY
SPCY
SPCY
SPCY
SPCY
SPCY
SpCT
seCY
seCY
SPCY
s$PCY
SPCTY
SPCT
SPCT
ST
SPCY
Sect
SPCT
SPCTY
SPCT

-3 R X BV R NN Y

86
67
68
69
70

PROGRAM
susecY
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INMNDE & =14 =1o lo 1o =1y =1, 12 1y 1
CALL SUSPCT {24243+ INNODE, 1SUS)
WRITE (443000 ISUS

300 FNRMAT (10H EXAMPLE 26X, EMISUS 2,12}

END

TARLES OF INMODE

EXAMPLE 1 EXAMPLE 2?2
-~ -+s
-t -t
*om ‘-t
PRINTAYT
EXAMPLE 1 ISHS = 3
EXAMPLE 2 1SUS = 0

==~=PROGRAM FOLLOWS BFLON~~~~

SUBROUT INE SUSPCTIN,MoNRON, INMODE s I SUSY

VARIARLE DIMENSIONING OF INMODE
DIMENSION TPP(9),TOUANLAY . INMODE(Y)

ELEMENT (N, M} OF INMODE IS §CEN
{CENs [NMODE({ M= )*=NROWeN)

1SUS= 0

IF ICEN IS %, T IS NOT SUSPICIOUS AND ISUS = 0O

IF{ICEN

1PPIN) IS NEIGHAOR NO. N (SEE ARSYRACY ABOVE FOR NUMBERING SCHEME)

1PPi1)=
19P(2)=
1PP{3)e
1Po(4)s=
1PP{S)=
10P(6)=
PP(T)s
Pp(Bia
1PP{9)=
NX = 0

oFQs 5) WETURN

INMODE( (M=2 ) SNROWS (N-1))
TNMODE( { M=~1 ) SNROW(N-1))
INMODE ( { M~0) SNROMS IN=1))
INMOOFE ( { M~0 ) SNROWe (N=-0?)
INNDDE( (M-} sNROWS (N¢1 )}
INMODE( ( M=~1 YENROWO(Ne1 ) )
INMODE{ (M=~2) SNROW* (N1 1)
INMODE( { N=2) SNROWS (N+O))
1PPe1)

DN 10 1=1+8
T1ECIPPLTY LEQ. S) NXwNXel

10 CONTINUE
" NX 1S THE NUMBER NF NFIGHAORS WHICH EQUAL ¢S

IF MORE THAN INE NETGHBOR 1S EQUAL TO ¢S5, THEN 1SUS=0

1F (NX oGY, 1) RETURN

TF NFIGHAOR 3 IS THF NNLY ONF FQUAL T +5 AND FITHER NEIGHBOR 2 OR
NEIGHANR & DOES NOT AGREE WITH ICEN, THEN ISUSs2

1SUM = TARSE ICEN ¢ IPP(2) ¢ IPPIAN)
(F (IPPU31,EQ.%5 oANDs ISUM(NE,3) ISUS=2
IF (NX,GT,0) RETURN

30 NN 50 1=1,9

S0 [PP(TI=CTABSLIPPT)*ICENTD/2

1PP(EY 1S 1 TF NFIGHBNR | AGRLCES WITH ICENs IT IS O IF THEY OISAGREE
(Y0 REACH THIS PNINT, NEITHER ICEN NOR ANY OF {TS NEIGHBORS COULD BE S

Isus = t
IR0 IPPL1) LEQ. O AND. 1PPL2} .EQs 1 JAND, IPP(8) .EQ, 1)

1 RETURN

IFC 1PPIAY LEQ.

1Sus = 7

IFC 1PP(2) .EQe 0 «AND. IPPU3) LEQe 1} RETURN

0 AND, IPP(2) +EQs 0) RETURN

-279-

spCY
SPCY
secTY
sPCY
SPCY
SeCY
SPCY
SPCT
SPCY
secY
SPCY
sSecT
SPCTY
SPCY
SPCY
SPACT
soCY
SeCY
sSpCY
SPCT
SeCT
SPCY
SecT
SeCT
SPCY
soCT
SeCTY
secT
SecY
SPCY
SPCT
SeCcY
SeCT
spCT
SpCcY
seCY
SpcT
seCY
SPCY
secT
Sect
seCY
SpcY
SpeY
SeCY
seCy
socY
SPCY
SeCY
SPCT
SeCY
secY
SPCT
seCcY
SPCT
SPCY
secY
SPCT
secTY
SPCT
secY
seCY
SPCT
seCcY
SpCY
spcY
spCT
sPCY
SPCT
SeCcT

133
134
138
136
137
138
139
140

PROGRAM
SyYseCY
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1R IPPL3)
1SYs = 3
IR 1PP(S)

1 RETURN
IFC 1PPLA)
18US = &
tF¢ IPRL6)
IFL 1PR(Y)
15U = ¢
RETURN
END

oEQe

«E0.

Qe

«E0.

-0 O O e

+AND. PP (&)
«AND, 1PP(4)
«AND. IPP(5)

+AND, IPPL(T)
+«AND, IPP(8}

«EQs O} RETURN
eE0¢ 1 JAHD, 1PP{A) EQ,. 1)
«EQs 0) RETURN

+EQs 1) RETURN
«EQe 0) RETURN

280~

1
SPCY
sect
SPCY
SoCY
SeCY
SACY
SACY
SPCY
SecY
Y

141
142
143
144
148
146
147
168
149
150
151

PROGRAN
susecT
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TABLE (SUBROUT INE) 1719768

ome=ARS TRACT==-~

VITLE ~ TABLE
GENERATINN OF SUSPICIONLESS TASLE OF NORMAL MNDE OISPERSION
FUNCTION STGNS

LANGUAGE
AUTHOR

TASLE CALLS SUSROUYINE MPOUT TO CONSTRUCT THE MATRIX OF
NORFAL MODE DISPERSION FUNCTION SIGNS INNODE {STORED IN
VECTOR FORM COLUMN AFTER COLUMN)} FOR REGION IN FREQUENCY-
PHASE VELOCITY PLANE (OM1.LEOMEGA.LE (OM2,ANDV1eLELYP,LE
eV2)e SUBROUTINE SUSPCT IS CALLED TG EVALUATE THE SusS»i-
CION INDEX ,ISUS, OF EACH INTERIOR ELEMENT IN THE MATRIX
SCANNING FROM LEFT TO RIGHT, TOP TO BUTYOM. IF ISUS .NE.
0 . INMODE 1S ALTERED AS FOLLOWS.
ISuS=1 ROW ANDED ANOVE SUSPICIOUS ELEMENT AND COLUNN
ADDED TO ITS LEFY
=2 COLUMN ADDED TO RIGHT OF SUSPICIOUS ELEMENTY
AND ROW ADDED ABOVE IT
=3 ROW ADDED BELOW SUSPICIOUS ELEMENT AND COLUMN
ADDED TO ITS RIGHT
=4 COLUMN ADOED TO LEFT OF SUSPICIOUS ELEMENT
AND RCW ADDED BELCW IT
HNWEVER , NEITHER THE NUMBER OF ROWS NVP NOR THE NUMBER OF
COLUMNS NOM WILL BE INCREASED BEYOND 100, I[F ISUS CALLS
FOR AN ADDITIONAL ROW WHEN NvP = 100 , THE MESSAGE
(NVP = 100 N = XX M = XX) WILL AE PRINTED.
N 1S ROM MO, OF SUSPICTIOUS ELEMENT, N IS COLUMN NO, IF
1SUS CALLS FOR ADDITION OF A COLUMN WHEN NOM = 100, THE
MESSAGE (NGM = 100 N = XX M= XX} IS PRINTE
WHEN INMODE WAS BEEN EXPANDED SCANNING 1S RESUMED AT THE
ELEMENT TN NEW MATRIX WITH SAME ROW AND COLUMN NOS, AS
THOSE CF SUSPICIOUS ELEMENT IN OLD MATRIX., IF NOPT IS
POSITIVE INMODE WILL BE PRINTED AS IT IS PEVURNED FROM
MPOUT AND IN ITS FINAL FORM,

- FORTRAN IV (360, REFERENCE MANUAL - C28-6515-4)
= JoW POSEYs MoloTes JUME,1968

ceeaSAGECean

SUBROUT INFS MPOUT,SHSPCT oLNGTHN,WIDEN,NHOFN ARE CALLED IN TAALE,

FORTRAN USAGE
CALL TABLE(OMIsDM?4VEoV2oNOMNVP, THETK s OMy Vs INMODE +NCPT)

INPUTS

MINTMUM VALUE OF FREQUENCY TO 8E CONSIDERED,

MAXTMUM VALUE CF FREQUENY TO NE CONSIDERED

MINTMUH VALUE OF PHASE VELDCITY YO BE CONSIOERED
MAXTMUM VALUE NF PHASE VELOCITY TO BE CONSICERED

INTTIAL NO. OF FREQUENCIFS TO ARF CONSIDERED

INIVIAL NN, OF PHASE VELOCITIES YO RF CONSIDERED

PHASF VELNCITY DIRFCTTON (RADIANS)

PRINT NUT NPTION. IF NNOT = -1, NO PRINT, [F NOPT = 1,

INMODE 1S PRINTED IN TS INITIAL FORM {GENERATED 8Y MPOUT
AND IN ITS FINAL FORM.

~281~

TABL
TASL
TASL
TABL
TABL
TASL
TASL
TASBS
TABL
TABL
TABL
TASL
TABL
Tast
TABL
TASL
TAsL
TABL
TABL
TABL
TABL
TABL
TASL
TASL
ThBL
TASL
TASL
TASL
TABL
TABL
TABL
TABL
TASL
TASL
TARL
TABL.
TASL
TABL
TaSL
TASL
TASL
TABL
TABL
TASL
TABL
TASL
TABL
TAOL
TASL
TABL
TABL
TABL
TARL
TASL
TASL
TABL
TASL
TASL
TASL
TABL
TABL
TASL
TABL
TASBL
TASL
TABL
TASL
TABL
TABL
TABL

OB AR D W N

PROGRAN
TARLE
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UTPUTS
NaM TOTAL NO. OF FREQUENCIES CONSIDERED
124
NvP TOTAL NQ. OF PHASE VELOCITIES CONSIDERED
",

on VECTOR WHOSE ELEMENTS ARE THE VALUES OF ANGULAR FREQUENCY
Re4(D! CORRESPONDING TO THE COLUMNS OF THE INMODE MATRIX

v VECTOR WMNSE ELEMENTS ARE THE VALUES OF PHASE VELOCITY
R*4 (D) CORRFSPONDING TQ THE ROMS OF THE INMODE MATRIX

INMODE EACH ELEMENT OF THIS MATRIX CORRESPONDS TO A POINY IN THE
1¢4(0) FREQUENCY (DN} ~ PHASE VELOCITY (V) PLANE., 1F THE NORMAL
MODE OISPERSION FUNCTION (FPP) IS POSITIVE AT THAT POINT,
THE ELEMENT 1S ¢le IF FPP IS NEGATIVE, THE ELEMENT IS -1,
IF FPP DOES NOT EXISY, THE ELEMUNT IS 5. 1INMODE HAS NVP

ROWS AND NOM CNLUMNS, MATRIX IS STORED AS A VECTOR,

COLUMN AFTER COLUMN.

s eeEXANPLE==~=

LET INMGDE = ~1,505¢5,19=1s=1s=191sls-19-1010sl0l0l
WITH NOM = NYP = 4
AND OM = 1,0410502,042.5 THETK = 3,14159
V s 1002.003:044.0
(VALUES NNT CORRECT, FOR ILLUSTRATION ONLY)

THEN THE TABLE WILL BE PRINTED AS FOLLOWS,

VPHASE NORmMAL MONE DISPERSION FUNCTION SIGN
1.00000 -+4¢
200000 X~
3,00000 X~-¢
4,00000 X~=¢

ONEGA 1234
PHASE VFLOCITY DIRECTION IS  90.000DEGREES

> OMEGA =
0,10000€ 01 0.15000€ O1 0,20000E 01  0.25000F Q1
~===PROGRAM FULLOWS BELOW~==-

SUBROUTINF TABLE{OMY OM2,V1¢V2oNOMyNYP o THETKyOMeVy INNODE ¢ NOPT)

DIMENSION OM(100,,V{100),INMODE(10000) ¢DORN{(100) KORN(100)
COMMON TMAX,CT(100),VXI{1000,VYI{100},H1(100)

C
€ MPOUT 1S CALLED YO PRODUCE INMODE MATRIX AND OM AND V VECTORS,
CALL MPOUTIOMI 4OM2eV19V2,NOMNVP, INMODE ;Mo Vs THETK)

C

€ IFLAG = 1 INDICATES FIRST TINE THROUGH WRITE PROCEDURE
tFLAG = |

(4

C TWMODE 1S PRINTED fF NOPT IS POSITIVE
If (NOPT.GE.O0) GO TO 123

S IFLAG = ©

NOPER=0
C NOPER [S THE NUMBER OF EXPANSION OPERATIONS PERFORMED IN THE PRESENY

€ SCAN OF THE MATRIXe THUSe NDPER [S THE NUMBER OF SUSPECIOUS POINTS
C FOUND IN YME PRESENT SCAN,

c
C BEGIN SCANNING OF INYERIOR ELEMENTS OF INMODE IN UPPER LEFT CORNER
Ns 2

Ms 2
10 CALL SUSPCTIN,M,NVP, INMODE, ISUS)

«282~

TABL T1
TABL T2
TABL T3
TABL T4
TABL T8
TABL T8
TABL 77
TABL 78
TABL 79
TABL 80
TABL 81
TABL 82
Yast 83
TABL 84
TABL 85
TABL 86
TASL 87
TASL 88
TASL 89
TASL 90
TABL 91
TabL 92
TABL 93
TABL 94
TABL 95
TASL 96
TASL 97
TABL 98
TABL 99
TABL 100
TASL 101
TASL 102
TASL 103
TABL 104
TABL 105
TABL 106
TABL 107
TASL 108
TASL 109
TABL 110
TASL 111
TABL 112
TABL 113
TABL 114
TABL 115
TaBL 116
TASL 117
TASL 118
TABL 119
TABL 120
TABL 121
TABL 122
TASL 123
TASL 124
TASL 125
TABL 126
TASL 127
TASL 128
TASL 129
TABL 130
TABL 131
TABL 132
TASL 133
TABL 134
TABL 138
TABL 136
TABL 137
TASL 138
TABL 13§
TABL 140

PROGRAM
TABLE

PAGE
78
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POINT (NN} ES SusSPICIDUS

IFTISUS.NELO) GO TO 60

CHECK FOR END OF ROW

IF 1SUS.HE.0

20 IF (MeLY,INOM-1)) GO YO 30

CHECK FOR LAST ROW

IF (NLLT.INVP-1)) GO TO 40

GO 10 121

MOVE ONE COLUMN TO RIGHY
30 M = Mo}
GO 70 10

ADVANCE UNE ROW AND START AT COLUMN TWO

40 N = Nel
M2
G0 10 10

CHECK FOR MAXIMUM YALUE OF NvP
50 IFINVP.LT.100) GO TO 62

61 FORMAT (24H MVP = 100
MRITE (64610 No¥
GO Y0 20

H 3 1348H

62 TFINOM LT, 100) GO YO To

63 FORMAT(24HNCON = 100
66 WRITE(6,63) NoM
60 10 20

Neo,13, 8H

T0 IFLISUS .NE. 1) GO YO 73
ADD ROW ASOVE SUSPICIOUS POINY

NisN-1

ADD A COLUMN TO LEFY OF SUSPICIOUS POINY

MluwM=~]
60 Y0 100
75 IF(ISUS «NEs 2) GO TO

ADD A COLUMN 7O RIGHT OF
LI

ADD RNW ABOVE SuSPIClOuUS
NlaN=-1
G0 Y0 100

80 IF(ISUS «NE, 3} GO YO

ADD A COLUMN YO RIGHT OF
HisH

ADD ROw BELOW SUSPICIOUS
NleN o
G0 T 100

ADD RO BELOW SUSPICIOUS
85 Nl=N

80

SUSPICIOUS POINT

POINT

L1
SUSPICIOUS POINT

POINT

POINT

ADD A COLUMN TO LEFY OF SUSPILTOUS POINT

Nlsn-1
1060 CONTINUE

CALL LNGTHN(OM oV o TNMODE ;NONo VP, NVPP o M1 o 1o THETK)
CALL WIDENCOMoVo INMODE s NOMyNOMPoRVPP ¢ N1 oL THETK)

NV PuNVPP
NOMaNONP
NOPER=NOIER+)
GO 10 10

121 CONTINUE

TENOPER 8% 0 JAND. NVP LLT. 100 LAND. NOM .LT. 100) GO TO &

c
C DO NOT PRINT INMODE (F NOPT IS NEGATIVE

~283-

K w13)

Mey 13}

Ta%
Take
TA8L
TARL
TAS.
TABL
TARL
TASL
TadL
TASL
TASYL
TABL
TASL
TABL
TABL
TABL
TABL
TABL
TARL
Vast
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TASL
TABL
TABL
TASL
TABL
vASL
TASL
TABL
TABL
TABL
TABL
TASL
TABL
TABL
TASYL
TABL
TASL
TASL
TABL
TABL
TABL
TABL
TABL
TASL
TABL
TABL
TASL
Tasi
TABL
TASL
TABL
TABL
TABL
TAB\
TASL
TABL
TASL
TASL
TASL
TABL
TABL
TABL

{241
a2
is3

§43
146
147
143
149
150
i3}
152
153
154
155
136
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
174
178
176
177
178
179
180
101
182
183
184
188
186
187
188
189
190
191
192
193
194
198
196
197
198
199
200
201
202
203
204
208
206
207
208
209
210

PROGRAN
TABLE
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€ LARELING
127 FORMAT (AHIVPHSE 6%, 36HNORNAL MODE DISPERSTON FUNCTION STGN/)

TF(NOPT LT, D) RETUON

123 WRITF (6.122)

NN 133 1=1eNVP

00 128 JslNOM

1F (INMODE((J-1)oNVPTY-1) 126012%5c124
124 CONYTINUF

C
C IF INMONE = S, DNRN = 1HX

DATA 0Q1/1Kx/

DORN{Y) = 01

60 TO 327
125 CONTINUF

C
C 1F INMONE = 1, DIRN = 1He

DATA Q2/1He/
DORNLYY = 07
60 7O 127

126 CONTINUF
€
C IF INMODE = «1, NORN 2 LN~

DATA Q3/1H-/
DARNLS) = O3
127 CONTINUF
128 CONYINUF

[
€ PRINT RN 1 OF TABLE

WRITE (6,130IVITIINORNCID . Jd=1,NOM)
130 FORMAT(IH +FA,.5.3X,100A1)
133 CONTINUF

J10 = 19

N0 150 Jul,NOM

¢
C MIMAER COLUMNS

150 KORNLJ) = MONtY, J10)
WRITE (6,213) (KORNES), JwloNOM)
213 FORMAY (6HOOMFGAAX,10011)

¢

€ CONVERT THETK FRNM RANTANS TN DEGRFES
X = THFTX*1R0/3,14159
WRITE (A,413) X
413 FNRMAT FLH 11X, 2THPHASFE VFLOCITYY DIRECTINN 1S+F, 3,
1 RHOEGRFES )
WRITE (6,513)
S11 ENRMAT ( AHONMEGA =)

¢
€ LISY VALUFS OF OMFGA WHICH CORRESPAND TO COLUMNS OF TARLE
WRITE (6,633) (OMIT)el=1,NON)
613 FORMAT { 1H 85E14eS)

¢
C 1F SUSPICTION ELININATION HAS NNT REEN PFRFNRMFD, BEGIN IT AT THIS TIME

IFEIFLAGLFQ.1) 6N TO S
RF TURN
FND

~284~

TARL 211
TARL 212
TABL 213
TABL 214
TABL 218
TARL 216
TASL 217
TABL 218
TasL 219
TABL 220
Tany 221
TABL 222
TARL 223
TABL 224
TABL 225
TABL 226
TARL 227
TABL 228
TABL 229
TASL 230
TABL 231
TASL 232
TABL 233
TASBL 234
TAML 238
TAML 236
TABL 237
TABL 238
TABL 239
TABL 24C
TABL 241
TABL 242
TARL 243
TABL 244
TABL 245
TABL 24¢
TABL 247
TABL 248
TABL 249
TASL 290
TABL 251
TARL 252
TABL 253
TABL 254
TARL 255
TABL 25¢
TABL 257
TABL 258
TABL 259
TABL 260
TABL 261
TAaL 262
TABL 263
TABL 264
TABL 265
TABL 266

PRNGRAN
TAMLE

PAGE
&0



T Tt e TR TR T T BOT

GRSt

-~ s

e

x . RO, ¢ ~ e < s OERETIR TRERETe Y

ko

TARPRT (SUBRMITINE) 7/31/68 L LI
R 2

~=~=ABSTRAC T~ T8PR 3

TAPR &

TITLE - TAAPRT R 5
PROGRAM TN PRINT OUT LISTS OF FRFQUENCY, PHASE VELNCITY, ™ee 6
AMPLITUOE, AND PHASE FOR EACH GUIDED MADE EXCITEN BY A NUCLEAR  TBPR 7
EXPLOSTON OF GIVEN YIELD, THE STMULTANEOUS LISTING OF FREQUENC TapR 8

AND PHASE VELOCITY REPRESENTS THE DISPERSION CURVE FOR THE TBPR 9

GUIDED MODF, THE QUANTITIES AMPLTOD AND PHASE DEPEND ON SOURCE TBPR 10
AND OBSERVER HEIGHTS AS WELL AS THE MODEL ATMOSPHERE, WOWEVER, TBPR 11
THE LATTER INFORMATION IS NOT LISTED BY TABPRY AND IS PRESUMED  TAPR 12

TO BE LISTED BY ANOTHER SURROUTINE, THE SUBROUTINE TABPRT T8PR 13

SHOULD NOT BE CALLED UNTIL ALL THE QUANTITIES TO BF LISTED TBPR 14

HAVE BEEN COMPUTED AND STNRED IN THE MACHINE, NORMALLY, T6PR 15

ATMOS, TARLE, ALLMOD, PAMPNE, AND PPANP WOULD RE CALLED MEFORE TBPR 146
TABPRT, T8PR 17

TBPR 18

LANGUAGF  ~ FORTRAN tv (350, RFFERENCF MANUAML C28-6515-4) TBeR 19
AUTHORS = ReDoPTERCE AND JoPOSEYs MeloTey JULY,1968 T8PR 20
T8PR 21}

===~=CALLING SEQUENCE---- TApPR 22

TRPR 23

DIMENSTIIN KST(1) oKFINC1),OMMOD(1),VPMOD(1) AMPLTO( 1) +PHASO(1) T8PR 24

THE SUBROUTINF USES VARIABLE ODIMFNSIONING, THE TRUE DIMENSIONS MUST TBPR 28
AE GIVEN IN THE PROGRAM WHICH DEFINES THESE QUANTITIES, SEE THE TRPR 26
NIMENSTON STATEMENTS [N THE MAIN PROGRAMe T8PR 27
CALL TABPRTIVIELDyMDFND ¢KST oKF INyOMMON+VPMOD AMPLTD, PHASO) TBPR 28
TBPR 29

NO FXTERNAL SUBROUTINES ARE REQUIRED TRPR 30
Tape 131

====ARGUMENY L [ST~==- 18PR 32

TEPR 33

YIELD Re4 ND INP TBPR 34
MOFND 1%4 ND INP T8PR 35

KSY 184 VAR INP TBPR 36
KFIN 124 VAR INP TRPR 37
OMNOD R&4 VAR INP TBPR 38

AL D)D) Re4 VAR INP T8PR 39
AMPLTD R&é VAR INP TAPR 40
PHASO Re4 VAR INP TBPR 4}
TBPR 42

ND COMMON STORAGE USEN TEPR 41
TAPR 44

~=eeNPUTS===" TBPR 45

TBPR 46

YIELD sENERGY YIELD OF EXPLOSION IN EQUIVALFENT KILOTONS (KT TAPR &7

NF TNTe 1 KT = 402X{10)%%19 ERGS, TEPR 48

MOFND aNUMBER OF NORMAL MODES FGUND TBPR 4S8
KST(N) =INDEX OF FIRST TABULATED POINT [N N-TH MODE TRPR SO
KFININY =INDEX OF LAST TABULATED POINT IN N-TH MODE, IN TAPR 51
GENERAL, KFIN(N}aKST(N®1)-1, TBPR 52

OMNOD (N) =ARRAY STORING ANGULAR FREQUENCY NRDINATE (RAD/SEC) OF TRFR 83
POINTS ON OISPERSION CURVES. THE NMODE MNDE 1S STORF TAPR 54

FOR N RETWEEN KST{NMGDE) AND KFIN(NMODE). TAPR 55
VeMAN(NY sARRAY STORING PHASE VELOCITY NRNINAYE (KM/SECY OF TePR 54
POINTS ON DISPERSION CURVES, THE NMODE MONE 1S STORE TAPR S7
FOR N NETWEEN KST(NMODE) AND KFIN{NMOOE!. T8PR S8
AMPLTO(N) sAMPLITUDE FACTOR REPRESENTING TOTYAL MAGNITUDE oF TAPR 59
FOURLIFR TRANSFORM OF THE CONTRIBUTION TO THE WAVEFORM TBPR 60
FROM A SINGLE GUIDEN MNDE AT FREQU™NCY OMMOD{N). T8PR 61

ITS UNTTS SHOULD BRE (DYNES/CMes2)e (KMe®(1/2}))SEC, TBPR 62
IT REPRESENTS THE AMPLITUDE NF NMQDE-TH MORE IF N IS  TBPR 63
AETWEEN KSTINMODE) AND KF INCNMODE)¢ INCLUSIVE, FOR TRPR 64

PRECISE DEFINITION, SEE SUBRQUTINE PPAMP. TBPR 65

PHASO(N] sPHASE LAG IN RADIANS AT FREQUENCY OMMOD(N) FOR THE TAPR 66 PROGRANM
NMODE~TH MODE WHEN N IS RETWEEN KSTINMODE) AND TheR 67 TABPRY
KFIN(NMOBE), INCLUSIVE. THE INTEGRAND [S UNDERSTOOD TAPR 68
TN HAVE THE FORM AMPLTDSCOS{OMMND®{TIME-DISTANCE/VPMD TAPR 69 PAGE
+PHASO), FNR A PRECISE DEFINITION, SEE SURROUTINE TRPR 70 Al
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THE NUTPUY FORMAT IS TLLUSTRATED RELOW,.

MNOE TARULATION FQR Y=

MADE 1
OMEGA VPHSF
« 00100 0033426
+00200 0424372
MADE 2
MFGA VPHSE
«00100 0. 55298
«N0200 0.48321
£Tc.

SUBIO“TINF TARPRTUYIFLND¢MOFND ¢ KST oKF INoOMMOD, VPMAN s AMPLTD ¢ PHASQ)

AMPLTD

=TeN1342F 20
~8,02394€ 20

AMPLTD

~T.95321F 10
~1.,23108E 11

cevePROGRAM FOLLOWS BELOWe~=-

VARTARLE DIMENSIONING IS USED
DIMENSTION KST(1) KFINCL) OMMON(1)o VPMODLL) oAMPLTO(1),PHASO(L)

WRITE (6411) YIELD

11 EORMAT{ 1K1

o1H 25X 22HMNNE TABULATION FOR Ys3,F9,2,94 KILOTCNS)

STARY OF OUTER DO OGP

N1 50

1t=1l, MNFND

WRITE (64210 11

21 FORMATIIH //7+1H +4Xy SHMODE +53//¢ LN o9XoSHOMFGA ¢ 9Xy SHVPHSE, 9%,

1 SHANPLTO,AX,SHPHASE, )

Ky=KST(IT)
K2aKFIN(TT)

STARY OF INNER DC LOCP
no %0  JsKl,.k?

THE ONLY FUNCTION OF TABRRT 1S TO PRINY OQUT RESULTS.

100.00 KILOTONS

PHASF

-3,72139
-4,56028

PHASE

=2.40798
=2.30524

80 WRITE (6,510 OMMONC(S ) VPHNDLI) o AMPLTDL ) ¢+ PHASOLY)

81 FORMATE 1H AXeF1445¢F14e%,1P014+5,0PF11405)

END OF LNOPS

RETURN
END
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Taee 71
TRPR 72
TRPR 73
THPR T4
T8PR T8
TRPR 76
Yapr 77
e 78
T8PR 79
T8PR A0
TePR 81
TBPR 82
T8PR 83
TOPR 84
T8PR 85
TeR A%
T8PR A7
TRPR 88
Yapr 89
PR 90
TBPR 91
TAPR 92
TarPR 93
TRPR 94
T8PR 95
TAPR 9§
T8PR 97
T8PR 98
T8PR 99
T8PR 100
TOPR 101
T8MR 102
T8eR 103
TSPR 104
TOPR 108
TAPR 106
T6PR 107
TAPR 108
TRPR 109
TBPR 110
TAPR 111
T8eR 112
TAPR 1313
TAPR 114
T8PR 118
T8PR 116
TePR 117
T8PR 118
AR 119
T8PR 120
T8PR 121
TRPR 122
TAPR 123
TAPR 124
TAPR 129
TOPR 126
TAPR 127
ThPR 128
TAPR 129
TR 130
PR 131

PROGRAM
TABPRTY

PAGE
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MO AN AIANTION SOOI AT ONIAMTIIOOOI AN

TUPY : SURRNDUTINES T719768

YITLE ~ TMpY

e ANSTRACT=oo=

CALCU ATION AND PLONTTING NF FAR-FLELD TRANSTENT RESPONSE YO A
PRESSUIE SOURCE IN THE ATMOSPHERE

LANGUAGF
AUTHNR

THE RESPONSE 0IFf MORE N 1S FOUND AY INTEGRATING (AMPLTD =
€15t DMEGA * (T = R/VPY & PHASG) OVER QOMEGA FRON OMMOD
{RSTINIY TO OMMODIKFININID ANC DIVIDING AY SQRT{Ri. VP,
PHASQe AND ANMPLTD APE FUNCTTIONS NF AOTH N AND NMEGA, THE
TOTAL RESPONSF IS YHE SUM OF THE MOODAL RESPONSES. THE
RESPANSE 1S CALCULATED FNP TIWME TFINST AND AT INTERVALS
NF NDELYT THEREAFTFR UNTIL TEND 1S REACHFD., THE VALUE OF
1027 NETERNINES WHAT WILL ME CALCULATED, PRINTED AND
PLOTTEN. {SEE INPUT LIST FOR POSSIALF I10PT VALUES,) THE
RFSULTS ARE TABULATED IN THE PRINTOUT AND GRAPHED AY THE
CALCOMP PLOTTER,

~ FORTRAN IV (360, REFERENCE MANUAL C28-65]15-4)
~ JoWePOSEYy Mol oTes JUNE,1968

ceemUSAGFaman

FNARTRAN SUBROUTINE AKI IS CALLEN

CALCOMP PLOTTFR SUARNUTINES PLOT1s AXIS1e NUMBR1, SYMBLS, AND
SCLGPH ARE CALLED TN WRITE THE CALCOMP TAPF. SURROUTINE NEWPLT
MUST HAVE BFEN CALLED PRIDR TO CALLING TMPT, AND ENDPLT MUST RE
CALLED AFTFR RFTURNING  FROM TMPT, (SEE MAIN PROGRAM)

FORTRAN USAGF
CALL THPTITFIRST TENDINELTToRORSIMNFNN o KST (KFINo(OMMOD « VPMOD s AMPL TD
1 +PHASQ, 1OPTY

INPYTS

TRIRSY
Rug

TEND
aes

DELYY
R&4

RO8S
R&4

MDF NN
14

kST
1ve(n)

KFIN
%4 (D}

LLLDN
ReA(D)

VL
Re4(D)

AMPLTN

TIME AT WHICH TABULATION AND PLCTTING OF RESPONSE (S YO
BFGIN  (SEC)

TIME AT WHICH “ARULATINN AND PLOTTING NF RESPONSE 1S 10
END  (oLEC{TFTRST+5400,)) (SEC)

TIMF INTERVAL RETWEEM SUCCESSIVE CALCULATICNS GF THE
RESPONSE (L GF, ({TEND-TFIRST)/10000} (SEC)H

NISTANCF OF THE ORSFR\IR FROM THE SOURCE OF THE DISTUR-
BANCE (KM}

NUMBER CF MONES FOUND (,LEL10)
FLEMENT N NF THIS VECTOR IS NUMRER OF OMMOO ELEMENT WHICH
1S FIRSY FREGUENCY CONSIDEREN FOR MODE N

ELEMENT N NF THIS VFCTOR [S NUMBFR OF OMMND ELEMENT WHICH
IS LAST FREQUENCY CONSTIOFRED FOR *°DE N

ELEMENTS OF THIS VECTOR NUMAERED KSTIN} THROUGH KFIN(N)
ARE THF VALUES NF FREQUENCY (IN INCREASING ORDER) FOR
WHICH THE CORPESPOANDING MONE N PHASE VELOCITIES HAVE RFEN
DETFRMINED

VECTNR OF PHASE VFLOCITIES WHICH CNRRESPONN TN THE FRE-
OUENCEES OF YFOTOR AMunD

VALUES DF AMBLITUNE FUNCTION TN AK! TRTEGRAL (ELEMENTS

~287-

THPT
T™PY
mpy
T™HPY
TepT
T™eT
™PY
T™PY
THpT
YHPY
™PY
™HPT
THPY
THpY
THPY
™PY
T™PY
THPY
™PT
™MDPY
TpT
™oy
THPT
THRY
™PY
THRY
T™™PY
THPY
THPT
™™PT
T™PY
T™PY
T™pY
THPT
™Y
T™PY
THpY
™veT
T™™PY
™PY
™Y
TMPT
™PT
THPY
™pPY
T™PT
THPT
TupT
T™DY
™PY
TMPT
THPT
™™PY
THet
T™pT
™PT
TMpRTY
THPY
T™™PY
T™PY
™PT
TMPT
THRT
T™™PT
T™PY
™™PY
T™MPT
TmeY
T™™PY
T™MPY

DB NN WN -

PRNGRANM
TMPT

PAGE
LE]




REALND)  CARRFSPOND DIRECTIY T FLEMENTS OF OMMOO) (NDYNES/CMe2)

PHASQ TERM IN ARGUMENT OF CNS IN AKE INTEGUAL WMICH 1S INDEPEN-
RN DENT NF TIMF ANN NISTANCE (ROBSY

ey COMPUTATION AND PRINT APTION INDICATOR
Tes % 1920000010 CALCULATE, PRINT AND PLOT MODE NO, TOPT ONL
= 11 CALCULATE, PRINT AND PLCT ALL MODES AS WELL AS THE
TOTAL RESPONSE
= 12 CA&CULATF ALL MOOFS, PRINT AND PLOY TOTAL RESPONSE
ONL

nuTeyTS
THE ONLY DUTPUTS ARE THF PRINTOUTS AND PLOTS CALLED FOR AY 10OPT,
ALL GRAPHS ARF DPAWN TN THE SAME SCALE. THE PRESSURE SCALE IS

NETERMINED RY THE MAXTMUM AMPLITUDNE OF THE YOTAL PRESSURE, AND THE
TIME SCALF 1S 600 SEC PER INCH, PRESSURF IS EXPRESSED IN DYNES/CM=

=e==PROGRAM FNLLONS AFLON=~--

AEAODNTINNIOATIOOTIIAIIONIONOOON

SURROUTINE TMPT(TFIRSY,TEND,DELTT,ROBS,
1 MOFND o KST o KF INoOMMND o VPMOD ¢ AMPLT D4 PHASQ, 1OPT)

DIMENSION KST{101¢KFIN(10),0MM00(1000),VPHODE1000)+AMPLTIDI1000),
1 PHASOL1000) ¢ T{10015 TNTINT(1001) , TNINT(10,1001),Y(1001)

[
C VAX 1S VECTOR OF { TTERAL CONSTANTS, ELEMENT N IS THE EIGHT SPACE LABE
r FOR THF PRESSURE AXIS ON THF GRAPH OF THE MODE N RESPONSF,
NNURLE PRECISION YAX{101
NATA YAX/AH MONE 1 (8H MNDE 2 ,AH MODF 3 ,8H MODE & +AH MODE 5
1 A4 MONE & +AH PONE 7 (HH MONE 8 +AH MCDE 9 (8K HODE 10/
TRLINPT (NE, 11) 6D TO &
WRITE (6,2)
2 FORMAT (1H1+ 40X 2IMTABULATION OF RESPONSES//)
WRITE (6430
3 FORMAT (TH +20X AHTIME 12X SHTOTALLLILIX,6FMO0E 110X 6HMODE 25 10X,
1 GHMODE 3.10%, 6HMNNE &,10X,6HMODF 8/)
& TFCINPT 60 12F WRITE(S,753)
783 FORMAT (1M1,45%,4ONTABULATICN OF ACOUSTIC PRESSURE RESPONSE///1M
1 48X I0HTIMF (SEC),OX,15HP (NYNES/CMSs21//)

[
€L 1S NUMRER OF YIMES AT WNICH RESPONSE IS YO AF CALCULATFD
L s (TEND =TFIRST) /7 DELYY + )

¢
C SIZF 1S THE LFNGTH OF THE TIME AXIS IN INCHES
SIZE = ( TEMD =~ TYEIRST ) / 60040

4
C PRESEY ALL RESPONSE VALUES Tn 0,0
800 7 Kslot
TOTINTIK) = 0,0
0N 7 N=i,.tl0
T TNINTINGK) = 0,0

C SET UP TARLF NF TIMFS REGINNING AT TFIRST AND TAKING VALUES NF TIME AT
C INTERVALS OF DELTY UNTIL TEND 1S PFACHED

¢ 00 10 17=1.1

10 TIITY = YFIRST ¢ (IT=-1)=0ELTT

(4
€ AEGIN SFT UP TN CALCULATF MODF | RESPONSE
Ne=1
[
€ IF TOPYWLELL0 CAICULATE ONLY MNDF INPT RESPONSE
1€ (10PT,LF,10% N » [PY
11 NOST = KSTIN) ¢ 1
NOFN = KFININ)

r
C THE MNOF N RFSPANSE 1S FNUND FOR ALL VALUES OF T REFORE NEXT MIDE IS
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™PY
™eY
THPT
™PY
et
THPT
HeY
THPT
tupY
Tupt
T™pY
T™™PT
e
THPT
™ET
T
TMPY
T™PT
T™™PT
™PY
T™PY
THeT
THPY
TMPT
TMPT
TMPT
™PY
THPY
MPY
THpY
Py
THOY
T™PY
™PY
™Y
NPT
T™PY
™™PY
MY
THPY
THPY
™PY
Tepy
™pT
THPY
TMPT
THPT
THPT
™Y
TMPY
™PY
tTHpY
Pt
THPT
MY
ey
™et
T™™PY
T™™PT
™eY
T™PY
THet
TAPY
Mot
T™eT
™R
™MPY
™eY
et
™Y

TN




TR Ty

sl LN R R T s T e A IR

ARSI ORI A8 5 e -
£ CONSIOFRED THPT 141
nn 81 1T=,t THPY 142
. c HPT 143
3 € SET A2¢PH? FQUAL TN VALUES FOR A1,PH1 IN FIRST INTEGRATION INTERVAL ™PT 144
' A2 = AMPLTDIKST(N)) THPT 148
S22 0MMONIKST IN) § /VPHODIKST{NT ) =PHASOIKST (N) ) /RONS THPT 146
J SLOW=Y{]T) /RN8S THPT 147
3 DIDDL EsSLOW~1,0/VPMODIKSTING ) THPT 148
3 PH2eRNASE{OMMODIKST (N 1SDIBDLESPHASOIKST (N} }/ROAS ) THPY 149
CTRIG25CNS(PHP ) NPT 190
STRIG22S IN(PN2) TNPT 18}
¢ T™PY 152
: € THE INTEGRAL NF (AMPLYD * COSIOMEGA ® (T ~ RORS/VP) ¢ PHASG)) OVER THE TMPT 183
€ INTERVAL FROM OMMOD(KST(N)} TO OMMODIKEIN(ND) IS FOUND BY SUMMING THE  THPT 154
€ INTEGRALS FRNM OMMON(NAM-1) TO AMMAD(NOM) FOR NOW FROM KST{N)+l TO THPT 185
€ KEININY ™PT 156
NO S0 NOM = NOST,NOFN THPT 157
A s A2 TMPT 158
PH1 = PHD THPY 159
{ CTRIGISCTRIG2 TMPY 160
§ STRIG1=STRIG? TMPT 161
Sis82 ™Y 162
E A2 = AMPLTD(NOM) THPT 163
; S2aNMMON { NOIM) /Y PHND (NOM) =PHASOINNNY /ENRS THPT 164
i DINDLESSLOW=1,0/VPHODINOK) THPT 165
i PH2ROASS (NMMOIDINOM 1 $01DDL EePHASOINOM ) /RCBS) T™PT 166
¢ OMEG1=0MMON(NOM=1) THPT 167
{ OMEG 250MMOD { NON) THPT 168
' DELPH » RNBS * { SL™W & { NMEG2 - OMEGL ) = { 32 - S1 ) § THPY 169
' CALL AKT(OMEGL oIMFGZ,AL ¢A2,CVRIGL,STRIGL,CTA(G24STRIG2s ™Y 170
3 1 DELPHAKTINTY ™Y 17}
: S0 TNINT(N,IT) = TNINT(N,IT) ¢ Axteny ™Y 172
. ¢ « ™PT 173
; C PRESSURE IS FO1.. TN ( 1 / SQRT(ROBS) ) & ( VALUE OF OMEGA INTEGRAL )  TMPT 174
i S1 TNINT(NJIT) = (1/SORTIROBS)) & TNINTIN,IT) TMPY 175
! e TMPT 176
C C 1F 10PT.LEL10 ALL THAT 1S RFQUESTFD IS THF MODE [OPT RESPONSE, WHICH  THPT 177
. HAS JUST REEM CALCULATED T™™PT 178
1F (10PT.LF.10) GO TO 0% AT 179
¢ THOY 180
‘ £ INCREASE MODE NUMAFR AY NNE THRT 181
NasNel T™MPT 182
¢ ™™PT 133
€ IF N 1S GREATER THAN MOFND, ALL MODAL RESPONSES MAVE RFEN OETERMINED  THRT 184
1F (NJLE.MDFND) GO TN 11 THPT 188
(4 THRT 186
€ FOR EACH TIME IN T SET YTOTAL PRESSURE EQUAL TO SUM OF MODAL PRESURES  THMPT {87
0N 60 1V=1,¢ THPT 108
0N §3 N = 1,MNFND THPT 189
$3 TOTINT(IT) « TOTINTUIT) ¢ TNINT(N,IT) TMPT 190
TELINPT.FO, 11) GO TO 88 T™RT 191
c ) THPY 192
€ WRITF TIME AND CORRESPONDING TOTAL ACOUSTIC RESPONSE (DYNES/(Mee2) ™Y 193
WRITE (6,561 TILT) TOTINT(IT) THRT 194
56 FORMAT (1H +49X,F9,1410X¢F12,2) TMPT 198
4 TMPY 196
£ WHEN 1GPT.FO.12 NNLY TOTAL RESPONSE IS PRINTED THPY 197
IF (INPT.EQ,12) GO T0 89 THPT 198
I T™RT 199
€ WHEN 10PT.EQ.11 ALL MONAL RESPANSES ARE ALSND PRINTEN THPY 200
§5 Mu & MING{MDEND, %) T™PT 201
WRTTE (6e5T) TTTLITICTOTINTI 1T), CTNINT(NGIT) oNu1,MM) ™PY 202
ST FARMAT (1H o3 Bao10XeFOal 05012, 204X eF120204XoF12,204%,F12,2, TRPY 203
1 AXeFl242446%X,F1262) THRY 204
50 CONTINUE TMPT 208

60 CONT INUE TMPY 206 PROGRAM

1E (MDEND o1 F, 5 IR, 10PT NE, 11 } GO TO 65 THPT 207 THPT
WRYITE (8,610 TMPT 208

61 ENRMAT (1HO20X o SHTIME, 12X SHTOTAL 11X, 6HMODE 610X, 4HMONE T,10X,  THMPT 209 PAGE

1 GHMONE R, 17X, AHMONE 9,10X,THKONE 107) T™MOY 210 as

-289-
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o 63 1T=],1 THpy

63 WRITE 15¢5T7) IV TIETITOVINTIITICCTUNINTINGIT) JNub o MNEND) ™PT

[4 THet
6% CONTINUE ™7
66 CALL PLOT1I(2:0034=W) THeT
SI2F = (THL)=-T{1)1/7600, THPY

I (1OPT.LE.10) GO YO 107 et

CALL DXBYLETINTINT,L 2.0, UMIN,NYNN,K) THPY

UMIN = AINTIUNIN/2S) & 25,0 ™ot

UMIN = ANINIEUMIN,~25.) et

OV = ARSIUMIN) THeT

[ 4 ™mey
C IF 1NPY.EQ.12 PLOY ONLY THE TOTAL ACOUSTIC RESPONSE T™PY
tf (10PT,EQa12) GO TN 70 ™mey

C Tt
€ DRAW PRESSURFE AXTS =T
CALL PLOT1(0.000+¢3) ™PT

ABC = WDFND ey

CALL PLOTYI(ARC  ,0,,2) T™™eT

0 49 Nsi,MDFND Y

NN AT Jml,t ey

6T YiJ4) = =) & TNINTIN,.S} Tuptv
68 CALL PLOTI(24¢0ee~3" ™eY

[ ) Tue?Y
€ PLOY ACOUSTIC RESPONSE (NYNES/CMes2) OF MODE N VERSUS TIME (SECH ™mey
69 CALL SCLGPHIV T oL e00s140se0VoTI1),600,) 7::7
™Y

70 0N T3 Jysi,t TMPY

73 vig) = (=11 * TOVINTLYY ™MRY

[ 4 T™PY
C DRAN PRESSURE AXIS T™PT
75 CALL PLOT1I( 0000, ¢3Y ™mey
CALL PLOT1({3,404¢2) ™eY

CALL PLOT1(1e%¢000~3) ™Y

CALL NUMBRI{ 499=0159,15,DY0180,901 THPY

CALL SYMBLS(obo~0150415, "MICROBARS PER INCH'y1804418) ey

CALL AXTSI(105¢000® *¢1oSTZE906e7(1)018000+¢04043,) ™HeY

CALL SYMMLS(1080200015:'TIMF (SFC)® 490,410} et

CALL SCLGPHIY,Tole00e100000Y,T011,600.) ™PT

CALL PLOTI(B,0=0e30=)) ™PY

60 YD 200 ™PY

4 MY
C PRINT HISTORY OF MODE TOPY ONLY THPY
101 WRITF (8,102) 10PY ™HeY
102 FORMAT (IH1 ,65X, JHTARULATION OF MNDE o129 9H RESPONSE/Z//1H 48X, THPY

1 10NTINE (SECHeON15HP (DYNES/CHEe2)/7) NPY

00 103 (Ts},L NPT

103 WRITE (641060 TUIT),TNINTLIOPT,IT) ™eY
106 FORMAY (1N 249X, F9,1,10XF12,2) ey
GO TN 66 THPT

C . ™™PTY
C IF 10PT.LT.11 PLOT ONLY ACOUSTIC RESPONSF OF MODE (NPY ™PTY
107 DU 108 Js]ot ™HeY
108 Y(J) = (=1} = ININTLINPT,J) ™PYT

4 ™PY
¢ DEVERNINE SCALE FOR PRESSURE AXIS WHEN 10PT.LTs11 ™PY
111 CALE DXDYLILY oL o249 UNINGNYIND K} THPT
UMIN = AINTIUMIN/2SY) ¢ 25.0 ™eY

UNIN = AMINLCUMEN,-25,) THPY

NV = ABSCUMINY THBY

GO TO 7% ™PY

[4 ™PY
200 RETURN THPT
END ™ey
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TOTINT (SURRDUTINF) 1121768
—e-=ABSTRACT=-nm

VITLE - TOVINY

THIS SUAROUTINE COMPUTES THE TOTAL INTEGRAL
XINT = INTEGRAL OVER I FROM 0 TO INFINITY OF

A3(7VS(ALLZISFLOZY + A2(2)eF2(2) )82 )
THF ATMOSPHFRE 1S ASSUMFD TO BF REPRESENTED IN & MULTILAYFR FOR

WITH Al,A2¢ ANN A3 CONSTANT IN EACH LAYER, THE INTEGRAL IS
EVALUATED AS & SUM NF INTEGRALS OVER INDIVIDUAL LAVYERS,

THE FUNCTIONS F10Z) AND F2(2) ARE CONTINUNUS ACRNSS LAYER
ROUNDARTFS ANC SATISEY THE RESTOUAL EQUAT IONS

NEILZI/02 = ACLo1I®FL(2) & AL1,218F2(2) (2a
NE2U2VIDT = A(2,118FL12) & A(2,2)%F(D) 28

WHERE THE FLEMENTS NF THE MATRIX A (COMPUTED AY SUBRNUTINE AAAA

ARE CONSTANT IN EACH LAVER,

THE FUNCTIONS F1(2) AND F202) ARE ASSUNED TN SATISFY THE UPPER

AOUNDARY CINDITION THAY ROTH DECREASE EXPONENTIALLY WITH
INCREASING HEIGHT IN THE UPPER HALFSPACE. THE NORMALTZATION
OF THE FUNCTIONS 1S SUCH THAT AT THE LOWFR AOUNDARY 20 OF THE
UPPER HALFSPACF

F1L20)® ~SORT(GI®A(L,2) (3A

F2070)= SORT(GI®(GeAl1,1)) (38
WiTH

G = SORTUA{L 119%2 ¢ A(1,2)%A02,10) (%)

THE ELEMENTS ACS,J) IN EONS. (3) AND (4) ARE THDSE APPROPRIATE

TO THE UPPER MALFSPACE, [F G¥s? S NEGATIVE, THF PROGRAM
RETIRNS Ls=l, NTHERWISE Y RETURNS L =l.

PROGRAM NOTES

THE INTFGRATION OVER THE UPPFR HALFSPACE IS PEREQRMED AY
CALLING UPINT, THE INTEGRATIONS NVFR THE LAYERS OF FINIT

THICKNESS ARE PERFORMEO 8Y CALL ING EL INT,

THF PARAMETERS AloA2,A3 DEPEND IN GENERAL ON ANGULAR
FREQUENCY TMEGA. HURTZONTAL WAVENUMAER COMPONENTS AKX
AND AKY, SOUND SPEED Co AND WIND VFLOCTTY COMPONENTS VX
* AND ¥V, THF FORMULAS USED ARE CONTROLLED BY THE INPUT
PARAMETER IT WHICH IS TRANSMITTED TN SUBRNUTINF USEAS.

THF PARAMFTERS DEFINING THE MULTILAYFR ATMOSPHERE ARF
PRFSUMED STORED IN COMMON

LANGUAGE -~ FNRTRAN IV (360, REFERENCE MANUAL C28-6515-4)

AUTHOR - A D PIFRCE, MeTsTey JULY,1948

~e==CALL ING SEQUENCF~=~=

SFE SUBRDUTINE NAMODE

DIMENSTON CTE1001,VXT(1003,VYT(1003,H1(100),PHILL100),PHI2(100)
COMMON THAXCIoVXToVY T HT (THESE MUST RF IN COMMON)
CALL TOTINTINMEGA AKX AKY o TToL ¢ XINTPHTL PHID)

“==-FXTERNAL SUARNUTINFS REQUTIREN=~=-

AAAA UMMM, CAT SATUSEASUPINT EL INT (RRAR
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ToT!
"y
107§
Torvt
071
Torvt
1071
Tori
Tov1
Tort
mrt
Tare
Y071
Tot!
™mre
Trt
107t
el
T0t1
™mry
rTort
0T
™mr1
Tovy
ToT71
7071
1071
ToryY
T0ry
T™0ory
10711
A{s)4]
1078
Tort
TOV
Tov1
Tovt
Tovt
Tort
1071
1ot
™T"ry
ry
Tovy
Tovt
Tort
T0vs
Tory
Tort
TOTL
1077
yort
Tart
TOTY
Tore
YOT{
TOoT!
1071
o7y
Tort
Torg
™mrt
Tort
1071
10Ty
ToT!
Tort
Tor!
mri
Tor!

O W ORPWN -

PROGRAN
TOTINT

PAGE
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AR RV P

f 4 Torr n
! < AMAA AND BRBA ARE CALLED AY ELINT, 10T 712
| € CAI AND SAT MRE CALLED AY BABS, Tor 13
S ¢ 1071 T4
o ¢ ceeARGUMENT LISTomee Tary 718
- ¢ T071 76
L ¢ ONEGA 10 ND inNe Tory 17
2 ¢ X LT ND Np 10Tt 78
: [ AKY Res ND IN® Tort e
A 4 17 194 NO 1] TOT! 80
S ¢ L 194 N0 ot 1071 8t
S c LINT 194 ) ot o078 82
S ¢ " 117N 100 INP TOTT 83
4 : ¢ HI? ang 100 INp TOTI 64
g ¢ TOT: 8%
N C CONMON STORAGE USED TOT1 86
3 ; ¢ COMMON THAXoCT VT VYT HI Tory 87
i ¢ Tory e
¢ 1T} 1~ ND ™p 70Tt 89
- [ ct L LT 100  INP Tory 90
. ¢ Xt LT 100 INP ToTE 9
3 ¢ vyt Res 1060 INP Tov: 92
: c Ht 1T 100 INP 1071 93
c 7071 94
¢ cnaa NPT emen 7071 95
¢ TOTI 9%
4 OMEGA sANGULAR FREQUEMCY IN RADIANS/SEC 1071 o7
¢ aRx =X COMPONFNY OF WAVE NUNRER VECTOR [N KMo®({-1) TOT] 98
¢ ARY aY COMPONFNT OF WAVE NUNSER VECTOR [N KiMea(-1}) T0T! 99
¢ 1 SPARAMETER TRANSMITTED TO USEAS DEFINING FUNCTIONAL TOTI 100
¢ DEPENDENCE OF Al,A2,A3 COMPUTED AY USEAS, 1071 101
¢ PHIL(T) sVALUE OF F) AT ROTYOM OF LAVER ! 1071 102
_ < PHI2LY) SVALUE OF F2 AT ROTYOM OF LAVER [ 7071 103
3 ¢ 1MAY sNUMBER OF ATMOSPHERIC LAYERS WITH FINITE THICKNESS TOTt 104
- c cuy aSOUND SPEED (KM/SEC) IN I1-TH LAVER TOTL 10%
! < Ity X COMPONENT OF WIND VELOCITY (KM/SEC) IN 1-TH LAYER TOT! 106
] ¢ 122101 =y COMPONENT OF WIND VELOCITY (KM/SEC) IN 1-TH LAYVER 1071 107
X ¢ Mttt «THICKNESS IN KM OF 1=TH LAYER 1071 108
g ¢ Tot! 109
3 ¢ ceaaYTPYT§omam 1071 110
4 4 071 111
r L =1 0OF -1 DEPENDING ON WHETHER UPPER BOUNDARY CONDITION TOT! 112
¢ CAN NR CANNOT AE SATISFIED, SFE SUBROUTINE UPINT 1011 113
c XINTY sINYEGRAL OVER 7 FROM O TN INFINITY AS OEFINED IN THE  TOTVI 114
(4 ARSTRACT, TOv1 118
C TOTY 116
c TOTL 117
c ~eeePROGRAM FOLLOWS BELOW=-=~ TOT! 118
c TOTL 119
4 ‘ TOT! 120
SUAROGUTINF TOTINTLOMPGA JAKXoAKY ¢ 1T oLoXINT o PHIL o PHI2) ;n;; iz;
f * 0 2
C DIMENSION AND COMMON STATEMENTS TOT! 123
DINENSION CT(100),VXIC100) VYTI{100) HI(200) EM(242) TOT! 124
DIMENSION PHIL{100).PHI2(100) TOT! 128
COMMAN TMAX G T VXT VYT HT TOT1 126
[ T0T1 127
C COMPUTATION NF CONTRTIAUYION FROM UPPER HALFSPACE TOTT 128
JuiMaAXeL 1071 129
CaClty) TOT 130
VXsVXI{d) 1071 131
yYevy il ) tort 132
CALL USEASINMEGA AKXoAKYCoVXoVY o IToAL 4A24A3) TaT1 133
CALL UPINTUIOMEGA AKX ARYCoVX o VY 3AL ¢A24LaF1oF2,UINT) ;o;: 13;
f ort 13

C CHECK IF L NEGATIVE TOT! 136 PROGRAM

1F(L oLT, O) RETURN TOTL 137  TOTVINT
C TOT] 138

r WE NDENNTE THE CONTRIRUTION ABSUINT AY XINT, AS THE COMPUTATION rON- 0TI 139 PAGE

€ TINUES, XINT WILL SUCCESSIVELY REPRESENT THE VARIOUS SUATOTALS UNTIL TOTY 140 (1]
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2
C CONTRIBRUYIONS FRNM AtL THE LAYERS MAVE BEEN ADOED 1IN, TOT1 141
S XINT=AISUINT T0TY 142
c 071 143
C STARYT OF 0O LOOP TNVY 144
00 90 3=1,T1MAX TOT! 145
JeiMAXeL~] TOTL 146
(4 TOVL 147
C COMPUTATION OF CONTRIBUTION FROM J=TH LAYFR® OF FINITE THICKNESS, TOT! 148
C THE CURRENT VALUES F1 AND F2 REPRESENT F1(7) AND F2(I) AT Y0P OF 01 146
€ J-TH LAYER, TOT1 150
CcaClty) TOT! 151
VXsVXI(J) TO0T1 152
VYsVYI(J) YOT1 153
HeHl(J) TOT! 154
CALL USEASIOMEGA (AXXoAKYoCoeVXeVY e TToALA2¢AS) TOT! 155
CALL ELINT(OMEGA JAKXoAKY(CoVoVYoHoFLoF2,A1,A2,AINT) TOTY 156
XINT=XINTSAINTSAS 7011 187
C TOT] 158
C COMPYTATION OF F1 ANC F2 APPROPRIATE TO TOP OF (J=11-TH LAVER 1071 156
€1 = PHIL(Y) 0TI 160
90 F2 = PHIZ(Y) Y071 161
C END OF DO LNOP YOT1 162
c TOTL 163
| RETURN TOTI 164
’ END TOTt 169
[
1
PROGRAN
TOTINY
. PAGE
a9
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SEAL L o b

U S A

TMAMIOANIOOOOIOOCONOAIOOOTIOAOAOTIONOOCOAOAMOIDNIONOIAOOOAOOINIINTINNTITIONRIGNN

UPINT (SYBROUT INEY 1725763

ceneARSYRACT-=cn

TITLE - UPINY

THIS SUAROUTINE COMPUTES AN INTEGRAL OF YHE FORM
UINT = INTEGRAL OVER 7 FROM 20 YO INFINITY 0OF
CALSFLI(Z) & A29F2(2)1ee2 (3 Y

THE FUNCTIONS FL{Z) AND F2(2) ARE THE SNDLUTIONS OF THE COUPLED
ORDINARY CIFFERENTIAL EQUATIONS

DFL/D? = AlleFl & Al12¢F2 (2A
0F2/D1 = A21%F1 + A228F2 (28

WHERE THE ELEMENTS OF THF MATRIX A ARE INDEPENDENT OF 2, THE
FUNCTIONS FLUZ) AND F2(2) ARE SUBJECT TO THE UPPER ROUNDARY
CONDITION TMAT BOTH DECREASE EXPONENTIALLY WITH INCREASING
ALTITUDE, SINCE THE MATRIX A IS COMPUTED AY AAAA, INSURING
Al2,218=Al1,1), AOTH SHOWLD VARY WITH HEIGHY AS EXP(~G#{2-20))
WHERE

G = SORT{A(L,1)0024A11,2)0A12,1)) (k1)
1T 1S ASSUMED Ge®2 1S POSITIVE, OTHERWISE L=~1 IS RETURNED,
THE EXPLICIT FORMS ADOPTED FOR F1 AND F2 WHICH SATISFY (2) ARE

F1 s=SORY(GISA(1,2)9EXP(~Go(2-20)} (4A
F2 = SORT(GI®IGHALL, ) )oEXP{~Ge(2-20}) (4

THUS UINT IS GIVEN AY
UINT s{(-AL1SA{1,2)¢A2%(G+AL1:1)0922)/2,0 (5

LANGUAGE - FORTRAN IV (360, REFFRENCE MANUAL C28-6515-4)

AUTHOR

- AJD,PTERCE, MoloTe, JULY,1968
~e==CALL ING SEQUENCE=v=-

SEE SUBROUTINE TOTINY
NO DINENSION STATEMENTS REQUIRED
CALL UPINTIOMEGA sAK X AKY o Co VX o VY oAl 9A24LsF14F2,UINT)

~==«EXTERNAL SUBROUTINES REQUIRED-~~~

AAAA
~e==ARGUMENT LISV ~—=-

OMEGA Re4 ND INP
AKX Rey ND INp
my Ry NO NP
c Re4 ND INP
vx Re4 ND INP
vy e ND INP
Al Res NO INP
A2 Res ND IND
L 104 NO nyy
F1 R4 ND v
F2 o4 N out
UINT ey ND nuy

NO COMMON STORAGF USED

cee e INPUTS woma

=294~

UPIN
uriN
win
el
UPIN
URIN
uPIN
urln
UPIN
Urin
1IN
upIN
UPIN
UPIN
UPIN
et
UPIN
UPIN
UPIN
UPIN
UPIN
UPrIN
UPIN
P IN
UPIN
UPIN
uPiIN
UPIN
uPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UrIN
uein
UPIN
uPIn
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UrIN
UPIN
uPIM
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
uPiIN
UPIN
(U a4
UPIN
UPIN
ypPIN
UPIN
UPIN
UPIN
U’ IN
UPIN

BB AP RS BN

PROGRAM
UPINT
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RS e v s e Y

T ST IR S T R SRR s e Akt ho b i woin | NIRRT
ONEGA sANGULAR FRFQUENCY IN RADIANS/SEC
AKX =X COMPONENT OF WAVE NUMRER VECTOR IN XMes(-1)
aKy =¥ COMPONENT OF NAVE NUMBER VECTOR IN KMse(-1)
c =SOUND SPEED IN KM/SEC
vX =X COMPONENT OF WIND VELOCITY [N KM/SEC
vy a¥ COMPONENT OF WIND VELOCITY IN KM/SEC
Al =COEFFICIENT OF FI{Z} IN INYZGRAND
A? =CNEFFICIENT OF F2(Z) IN INTEGRAND

—ne=DUTPYTS—=~-

L =] OF -1 OFPENDING ON WHETMER UPPER ROUNDARY CONDITION
NF FLIZV.F2(2) DECREASING EXPONENTIALLY WITH INCREAST
KEIGHT CAN NR CANNOT BE SATISFIFD, 1Y REPRESENTS THE
SIGN OF G*%2 WHERE G 1S OEFINED IN THE ABSTRACT,

F1 aVALUE OF £1(7) AT ROTTOM OF HALFSPACE, DEFINED AS
~SORT{GI®AL1,?) FROM EON. {4A),

F2 =VALUF OF F2(Z) AT AQTYOM OF HALFSPACE, DEFINED AS
SORTIGI®(G+A(Le1)) FROM EON, {48}

UINT =THE INTEGRAL DEFINED BY EONSo (1) AND (5) IN VHE
ARSTRACTY

~===PROGRAM FOLLOWS AELOW-=--

SURRNUT INE UPINT (CMEGA ¢ AKXoAKY ¢ CoVXoVY oALoA24L Fl,F2,UINT)
DIMENSION A(2,2)
c
€ COMPUTATION OF & MATRIX AND OF XsG#2
CALL AAAAIOMEGA AKX oAKYoCoVX VY AY
A=A(1,10822¢A01,218%A02,1)
C CHECK ON SIGN 0OF X
2 1F( X oGTe 0,0 ) GN T 2

c
C X IS NFGATIVF
Lu=]
RETURN
C CONTINUING FROM 2 WITH X POSITIVF
3 L=t
GsSORT(X)
GRT=SORT(G)
Fla=GRT=A{],2)
F2aGRT(GoA(141})
€ COMPUTATINN OF UINT
UINTe (~ATSA(1.2)4A2%(G4A{1s1)))®82/2,0
RE TURN
END
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uPIN
UPIN
UPIN
UPIN
UPiN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
UPIN
uPIN
UPIN
UPIN
urIN
UPIN
UPIN
UPIN
UPIN
UPIN
UpIN
UPIN
UPIN
uPIN
UBIN
UPIN
UPIN
UPIN
uPIN
uPIN

DR £ e bets - s o

T
T2
73
T4
7%

77
78
9

81
a2
83
84
85
86
37
.1}
a9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
118
116
117
118

PROGRAM
UP INT
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TITLE - USEAS

SPEED COMPONENTS VX AND VY.

USEAS (SUBROUT INE) T725/768

—aecARSTRACTomax

THE PURPOSE OF THIS SUBROUTINE IS TO CONPUTE THE NUMAERS Al, A2
AND A3 WHICH OEPEND ON ANGULAR FREQUENCY OMEGA, HORTIONTAL WAVE
NUMBER COMPONENTS AKX AND AKY, YHE SOUND SPEED Co AND THE WIND
THE INTEGER 1T DEVERMINES WHICMH

FORMNULAS ARE USED FOR Al, A2, AND A3 ACCORDING TO THE FOLLOWING

[3E]

ONEGA
AKX

AKY

c .
VX

vy

17

Al

A?

A3

DMEGA
Arx
AKY

VX

NAANCATIOAOOONOOODOIONANAOOOTIOCOANODOONOOOOOOTIAOOOOOTIOIDNIACOANOOIOOOMIDNOIDDIONND

17

NE THE WAVE NUMBER VECTOR
TAKEM AS ,0098 KM/SECes2 IN THE CONPUTATION,
SHOULD BE TN KM,SEC SYSTEM OF UNITS,

LANGUAGE - FORTRAN IV (360« REFERENCE MANUAL C28-6%515-4)
AUTHAR = AeDePTERCE, MeloTes JUNE,1968

TASLE
tin (A} (A2} (A3}
1 1 0 1
? 0 1 1
3 1 0 BOM*{XDOTV)/{Coe20K)
4 1 0 a0M/Cre2
S 1 0 YXSBOM/CHe2
6 1 0 VYaBOMN/Cen2
7 6/C ~C Ke0OMEGA/7BOM®e)
8 G/C -C 1,0/801%e2
9 G/¢C -C Ko82/80Ns8)
10 G/C -C VXexes2/80Mse3
1 6/C -C VYSKE32/80M*83

HERE BOMsOMEGA-KDOTY IS THE DOPPLER SHIFTED ANGULAR FREQUENCY,
KOGTV=AKXSYXAKYOVY [S THE 00T PRODUCY OF WAVE NUMBER WITH
THE WIND VELOCITY, AND RsSQRY{AKX®®2¢AKYS*2) 1S TME MAGNITUDE
THE ACCELERATION OF GRAVITY G IS
COMPUTED VALUES

w=ea(ALL ING SEQUENCE=~=-~

SEE SUBROUTINE TOTINT
NO OIMENSION STATEMENTS ARE REQUIRED

CALL USEASTOMEGAIAKXoAKY+CoeVEIVYe1ToA14A24AY)
AlsA2,A3 ARE NOW AVATLABLE FOR FUTURE COMPUTAY IONS

NN EXTERNAL LIBRARY SUMROUT INES ARE REQUIRED
@eeaARGUMENT L1ST~ew~

Res ND INe
LLL) NO INP
[T 7Y ND INP
s ND IN®
Resy ND In?
Re4 ND INP
104 ND INP
(113 NOD oyrv
Re4 NO nuy
(1 7Y ND ouy

w0 COMMON STORAGE USED

cee e INPUTS ~ o

sANGULAR FRFQUENCY IN RAD/SEC

sX COMPONENT OF WAVE NUMRER VECTOR IN KMe&{-1)

=Y COMPONENT OF WAVE NUMBER VECTOR IN KMee{-~1}
sSOUND SPEED IN KN/SEC

X COMPONENT OF wIND VELOCITY IN KM/SEC

sY COMPONENT OF WIND VELOZITY IN XM/SEC

sLONTROL PARAMCTYER ®OK SELFCTION OF FORMULAS (SEE
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USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
Usea
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USES
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA
USEA

BRGSO RS WN

PROGRAM
USEAS

PAGE
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SN AN

o n e T AP TRLAITIAE

B o (R T PP ST N - y
e g o s et e B et b o A . - SRR ST RS AR

c ASSTRACT ). ysea 11
L USEA T2
c —ee=QUTPUTS~~-~ UsEr 73
c USEA T4
c At “PARAMETER DEFINED BY FORMULAS IN ABSYRACT USER 7%
¢ A? sPARAMETER DEEINED BY FORMULAS IN ABSTRACT YSEA T6
¢ A =PARAMETER DEFINED 8Y FORMULAS TN ABSTRACT USEA T7
c USEA T8
c . USEA 79
c cee=PROGRAM FOLLOWS BELOW-=~- USEA 80
4 USEA 81
¢ USEA 82
SUBRNUTINF USEASIOMEGA L AKX oAKY oC o VR VY1 ToAL182443) USEA 83
c USEA A4
€ WE ASSIGN VALUES TO Al¢A2,A3 WHICH WILL NOT NECESSARILY BE THEIR EXIT  USEA 63
C VALUES, USFA 86
Als1,0 USEA 87
A280,0 USEA 88
A3s1,0 USEA 89
€ (F IT IS 1, THESE ARE CORRFCT, WOWEVER, USEA 90
[FLIT ¢EQs 1) RETURN USEA 91
TFLIT oGT, 2) GO TO 200 USEA 92
¢ usea 93
£ 1T 1S 2. THE CURRENT VALUES ARE 1,01, WE CHANGE THE FIRST Tw0. USEA 94
A1%0,0 USEA 9%
A281,0 USEA 98
RETIRN USEL 97
¢ USEA 98
€ 1T 1§ o6Ve 20 WE COMPUTE SOME QUANTITIES FOR FUTURE REFERENCE USEA 99
200 AKVRAKXSYXSARYOVY USEA 300
AKSQuAKXS#20AKYSS? usea 101
S0M=OMEGA~AKY USEA 102
AX=SORY (AKSO) USEA 103
C THE CURRENT VALUES OF AloA2¢A3 ARE STILL 10010 USEA 104
1ELIT «GT, 3) GO TC 300 USEA 108
¢ USEA 106
€ 17 1S EOUAL TO 3. OMY A3 NEED BE CHANGED, USEA 107
AIsBONSAKY/ (Cee26AK) USEA 100
RETURN USEA 109
¢ usEa 1to
€ 17 IS & OR GREATFR, WF SET A3 TO VALUE APPROPRIATE FOR 1Vsée USEA 111
300 AdeROM/CES2 USEA 112
€ THE CURRENT VALUES OF Al AND A2 ARE 1 AND O USEA 113
IE(IT oE0. &) RETURN USEA 114
IR(1T (€0, S) AIsVESA) USEA 118
1T JEQe &) A3sVY®AY USEA 116
fECIT LE0, S oORe IV oEQs 6) HETURN uUsSER 117
c USEA 118
C 17 16 7 OR LARGER USEA 116
Ale, 0098/C USEA 120
A2s~C USEA 121
< ‘ USEA 122
€ THE ONLY OUANTITY WE NEED DETERMINT 1S A3 USEA 123
¢ USEA 124
1FC1T 6T, T) GO YO T00 USEA 12%
c 17 USEA 126
AISAKSNNEGA/BONSSY USEA 127
RETURN USEA 120
c USEA 129
700 TFI1Y ,GT.8) GO Tn 8OO USFA 130
¢ 1Te8 USEA 131
A)el,0/80Hes2 USEA 132
RETURN USEA 133
¢ USEA 134
¢ FOR 1T0,10,11 WE NEFD THE FACTOR AKSQ/BOMS s3 USEA 139
A00 A3sAKSQ/RONSS) USEA 136 PRNGRAM
1F(1T LEQ, 9) RETURN USEA 137 USEAS
161V .GT, 10) GO T 1000 USEA 138
C 17510 USEA 139 PAGE
AdsVX®AD USEA 140 93
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« S AR AOBI N \CFATIA s 4 A AT AT I AN b o Lo v g w owa e F Y w a TR b R XRNONE L y 3 hs LA e
RETURN USEA 14)

4 USEA 147

€ ITell (YOU SHOULDN-T INPUT IY FOR VALUES OUTSICE RANGE OF 1 7C 11.) USEA 143
1000 A3svyeas USEA 144
RETURN USEA 143

FND USEA 146

A R

PROGRANM
USEAS

PAGE
9%
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WINEN (SURRDUTINE) 6/19/68
—cnu ARSTRAC Tomen
TITLE = WIDEN

WINEN MATRIX INMODE AY ADDING KW COLUMNS BETWEEN COLUNNS N1 AMD

Nlel

LANGUAGF

AUTHORS

WINEN ADDS KW ELEMENTS YD THE VECTOR OF ANGULAR FREQUENCI
0" , DIVIDING THE INTERVAL BETWEEN OMINL) AND OM(NLe+1} IN
KWel EQUAL PARTS., FOR EACH NEW ANGULAR FREQUENCY, A NEW
COLUMM 1S ADDED TO THF INMODE MATRIX (DEFINED IN SUBROU-
TéNE MPOUT), INMONE 1S STORED IN VECTOR FORM, COLUMN AFT
COLUMN,

- FORTRAN TV {380, REFERFNCE MANUAL CPR8-6515-4)
« KeNePLIERCE AND JoPOSFYy MoloTeo JUNE,1068

ccualySAGE===-

OMoV, INMODF MUST RE DIMENS IONED IN CALLING PROGRAM
THE ONLY SUBROUTINE CALLED 1S NMOFN, DESCRIBED ELSEWHERE IN THIS

SERIES

FNARTRAN USAGE
CALL WINEN{OMoV, INMONE s NOMeNCHP e NVP ¢N1 o KWy THETXK )

INPUTS

L]
Re4L(D)

v
Rea{D)

INMONE
194(N)

NOM
1

NVP
13 13

N1
1%

(1]
Te4

THETK
Res

nuTeyTS

VECTOR WHNSE ELEMENTS ARF THE VALUES OF ANGULAR FREQUENCY
CORRFSPONDING TO THF COLUMNS OF MATRIX INMODE. (RAD/SEC)H

VECTOR WHNSE ELFMENTS ARE THE VALUES OF PHASE VELOCITY
CNRRESPONNING TO Ti . ROWS OF MATRIX [NMODE, (KM/SEC)

EACH ELEMENT OF THIS MATRIX CORRESPONDS TO A POINT IN THE
FREQUENCY (OM! ~ PHASE VFLOCITY (V) PLANE, (F THE NORMAL
MNDE DISPERSION FUNCTION (FPP, FOUND BY CALLING SURRNUYIN
NMDFN ) 1S PNSITIVE AT THAT POINT, THE ELEMENT IS #1, If
FPP IS NEGATIVE, THE ELEMENY (S -1, IF FPP DOES NOY EXISY
YHE FLEMENT 1S S, [INMODE 1S STORED (N VECTOP FORM, COLUM
AFYER COLUMN,

NUMAER OF ELEMENTS IN OM (AND NN, OF COLUMNS IN INWNDE)

WHEN WIDEN 1S CALLED,
NUMRER OF FLEMENTS IN V (AND NO. OF ROWS [N INMODE),

NUMRER OF (NMODI COLUMN IMMEDIATELY LEFT OF SPACE IN WHIC
NEW COLUMNS ARE TO RE ADDED,
NUMAFR NF COLUYMNS TO BE ADDED TO INMODE,

PHASE VELNCITY DIRECTICN MEASURED COUNTFR-CLOCKWISE FROM
X=-AX1S (RADIANS ),

THE OUTPIITS ARF NOMP (= NOM ¢ KXW o THE NEW NUMRER OF ELFNENTS IN O™
AND THE NFW NUMAFR NF COALUMNS [N INMODE?) AND REVISED VERSIONS OF OM
AND INMGDE.

cemcEXAMPLF=~-=

SUPPOSF OM = 1,0,2,0,2,0 AND WINDEN IS CALLED WITH KW = 3, AND N1 =

-299~

WIDE
WIOE
WIDE
WIOE
Wi0E
WIDE
WIOE
WIDE
WIDE
WIOE
WiDE
WIDE
Wi0E
WI0E
wWiDE
wi0E
Wi0E
WIOE
w{DE
WiDE
wlDE
WiDE
WiDE
WiNE
W10E
Wi0€
Wi0E
W1nE
WIVE
WIDE
WIDE
WINE
WIDE
WiDE
wivE
WIDE
WiDE
WINE
WIDE
WI10E
WIDE
WiIDE
WinE
WiDE
Wi0E
WIOE
W1DE
WIDE
WIDE
WIDE
WM1DE
Wi10E
wW10E
WINE
WIDE
wWiDE
¥i0E
WIDE
WIDE
WIDE
WIDE
winE
WIDE
WIOE
WINE
WIDE
WI1DE
WIDE
WIDE
WinE

DB AL WN

B o i oo ok b o)

PRCGRANM
WIDEN

PAGE
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WEAWEIAPEMALI TN Sar N pivas - T A il A G e e s R b T Ty
¢ 2¢ THEN (PPN RETURN TO CALLING PROGRAN, OM & 1,002.002:2%50205¢2,75, WIDE 71
r F400 NOMO = 6, AND INMNDE WILL MAVE THREE NEW ROWS CORRESPONDING YO WIDE 72
r THE NFW ELEMENTS CF OM, WIDF 73
e WIDE T4
[ WIDE 75
r cx==PROGRAM FOLLONS BELOW===~ WIDE 76
¢ WINE 77
[ WIDE 78
SURRNUTINE WINENTOM V4 INMODE + NOMyNOMP oNVP N1 o KWe THETK ) MIDE 79
< WINE 6¢C
C VARIARLE DIMENSIONING wiDE A1
DEMENSTON OMI1D,VIL1), INMODELY) %INF 82
COMNON TMAX CEE100) oVXTE1000,VYTLL100).41E1001 WINE 83
¢ MIDE 84
¢ INTFRVAL AT WHICH NFW VALUES OF NM ARE RE PLACED AFTWEEN NMIN1)} AND WINE 85
€ OMIN1+1) 1S DETERMINED WwinE 8¢
NELOM=LIMINT 41 )=0MINYIDZIKNEL) WIDE AY
¢ WIDE ap
€ NOMP 1S NUMAER NF ELEMENT IN EXPANDED 0O WIDE 89
NOMPSNOMOKW WIDE ©0
r wINE 91
€ NSTART 1S THF NUMPER NF THE ELEMENT IN THE NEW OM WHICH CORRESPONDS YO WIDF 92
€ FLEMENT Nl1el IN THE CLD O™ VECTOR WIOE 93
NSTARTEN] ] oW WIDE 96
4 WIDE o3
¢ WOVE ALL ELEMENTS NF OM BREYOND ELEMFNT N1 T0 THFIR NEW POSITICNS, MEG! WIDE 96
€ NING WEITH THE LAST ELEMENT WioE 97
N0 90 NJISNSTART,ANMP WINE 93
JaNOMP = (NJ=NSTART) WINE 9o
JOLN= J=KW WIOE 100
c WIDE 101
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